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Abstract 
The appraisal of geoenvironmental parameters of an area is important and necessary 
because these parameters have great environmental significance in that particular 
area. The importance is magnified because of the fact that these common parameters 
namely, geology, geormophology, hydrology, soil types, land-use/land-cover patterns 
and and hydrometeorologic conditions are the sources of geoenvironmental problems 
like, water logging, drainage congestion and flood, surface water as well as ground 
water contamination, subsidence, landslides, earthquake, foundation failure, soil 
contamination and toxicity etc. which are damaging to life and properties. 
Geoenvirormrental hazards cannot be prevented or controlled altogether but 
can be mitigated with proper land-use planning, development and management. The 
solution to our geoenvironmental problems depends on how well we come to 
understand these problems and generate the unity of purpose to find combative and 
mitigative measures for these problems. The major responsibility is creating 
awareness of the geological informations. Geological information provide a scientific 
basis for rational land use planning, which deals with major geotechnical and 
environmental problems arising from topography, geology and soil types including 
their properties and areal distribution. 
It is in this perspective that the present study was conducted to understand the 
geoenvironment attributes of the study area in Imphal valley with a view to help 
develop a plan of strategy on combating and mitigating the impact of 
geoenviroimiental hazards and anthropogenic activities related problems in the study 
area with special emphasis on the appraisals of surface water quality and temperature 
and rainfall trends. This is because water from the surface sources like various rivers 
and ponds, form the bulk of water that are used for domestic and irrigation purposes 
in the study area. 
The study area is a part of an oval shaped intrmontarme valley, the Imphal 
valley in the north-east Indian state of Manipur, in the north-east Himalayan region. 
The valley has an area of about 1800 sq.kms. and falls between 24° 16' N and 25° 02' 
N latitudes and 93° 41' E and 94° 09' E longitudes. It is a fluvio-lacustrine alluvial 
plain surrounded on all sides by the hills, which covers 90% of the total geographical 
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area of the state. The valley is densely populated as 61.54% of the state's total 
population is concentrated in only 10% of the total geographical area of the state. 
The Imphal valley lies within the Disang-Barail Flysch Basin. This valley was 
originated as a result of the tectonic and structural evolution of the Indo-Myanmar 
Range, IMR. The valley contains mainly the Quaternary Alluvium Deposits, 40-50m 
thick, of fluviolacustrine origin. The sediments of the deposits are derived from the 
surrounding Disangs and Barails and mainly contain dark-grey to black clay, silt and 
sandy deposits. Clay, sand, gravel, pebble and boulder deposits are found in the 
foothills of the old river terraces. 
Tectonically the valley is bounded by two large and prominent structural and 
tectonic lineaments, one on the eastern side, the Thoubal-Kodam Thrust fault and the 
other on the western side, a faulted anticline axis marked by high angle reverse fault. 
The western tectonic element serves as a structural contact between the Disangs and 
the Barails at places and runs close and parallel to the contact of the lithounits. Almost 
all the hillocks within the valley are composed mainly of Disangs. Some outcrops of 
the Barails occur as cappings in the form of outliers mainly on the eastern part of the 
valley. The valley was originated as a result of structural and tectonic evolution of the 
Indo-Myanmar Ranges (IMR) and the present landscape is the result of continuous 
erosional processes since then.The valley is a high level flood plain with an average 
elevation of about 780 meters above msl. The 900 meters contour forms its outer 
limits. It is a lacustrine plain-site of an ancient lake, which was subsequently filled 
up and uplifted to its present position, the remnant of which occupies as the present 
day Loktak Lake, in the south-east comer of the valley. The flat-land topography 
of the Imphal valley is occasionally broken by hills and mounds which rise above 
this flat surface. 
The Imphal River system which drains the valley, along with Loktak Lake 
and other associated lakes and private and community ponds of varying sizes dotting 
the valley landscape provide the main sources of surface water for used in domestic 
and municipal purposes. Other impotant lakes in the Imphal valley are Phumlenpat, 
Kharungpat, Ikoppat and Waithoupat. There are also number of marshes and 
swamps in the vicinity of the lakes and along the inter-reverine tracts. 
The soils occurring in the Imphal valley are mainly transported soils. The 
transported soils are of two types- alluvial and organic. Precisely, the soil of the 
Imphal valley is transported alluvial soil. This soil has clayey warm texture and grey 
to pale brown colour. This soil contains a good proportion of potash and phosphate, a 
fair quantity of nitrogen and organic matter and is less acidic.The soil is also deep to 
very deep, poorly to moderately well drained and derived from shale and siltstones. 
The texture varies from fine to very fine and classified as Typic and Mollic 
Haplaquepts. The ground water table is generally high. The seasonal fluctuation of 
the piezometric surface of the ground water table keep the valley land under water 
stagnation mainly during the rainy and post-rainy period 
The climate of Imphal valley is sub-tropical to temperate. Highest temperature 
of about 30°C-35°C is recorded during south-west monsoon and minimum average 
temperature of about 4''C is recorded during winter (December-January).The average 
annual precipitation varies from 1500 mm to 1750.8 mm (normal, 1419.5mm) with 
maximum intensity during July-August. But, since rainfall is associated with 
monsoon, there is irregularity in seasonal rainfall. 
The available published and unpublished literatures relevant to the present study and 
the study area were collected and studied thoroughly. Secondary data were collected 
from the state government organizations. Published maps of the study area in the 
Project Reports and Government Reports and published papers were adapted for this 
study. 
The 3-arc SRTM-DEM data on 90 meter spatial resolution for Manipur region 
was also downloaded fi-om website http://srtm.csi.cgiar.org/ and used to study 
different terrain and structural componenets like elevation, slope, relative drainage 
density and lineaments etc. Microsoft Excel Program was used for making various 
calculations and plotting of graphs. 
The satellite imageries of Landsat series such as Landsat MSS of 1979, 
Landsat TM of 1990, and Landsat ETM+ of 2000, of the study area, available in 
public domain under NASA and University of Maryland sponsored Global Land 
Cover Facility (GLCF) project and acquirable from their websites, 
http://zulu.ssc.nasa.gov/mrsid and http://glcf.umiacs.umd.edu/index.shtml were 
downloaded and further processed. Different techniques Hke generating FCC, PCA, 
and band ratioing with the help of the Remote Sensing and GIS softwares like, 
Geomatica 9.1.0 and SAGA 2.0 were applied, to study geology, geomorphology, 
urban expansion of the Imphal city and areal expansion of the open water surface of 
the Loktak Lake and its surrounding marshy and swampy areas between the period of 
1979-2000. 
Surface water samples were collected during pre-monsoon and post-monsoon 
seasons from rivers and ponds from the study area and were analyzed for physico-
chemical properties including major ions and trace element concentrations using 
stahdard procedures. The water quality was tested for use in drinking and irrigation 
based on the standard quality criteria set by the organizations and individuals. 
Software based studies for spatial variations in the concentrations of the major ions 
and trace elements were also taken up using SURPER V. 8. 
Grain size analysis for the bed sediments collected from different locations fi-om 
ponds and lakes in the study area, was done using ASTM standard sieves. Graphic 
statistics like Mean, Standard Deviation, Skewness and Kurtosis were computed using 
GRADISTAT software. 
Data for average monthly weather elements specially for maximum and 
minimum temperature and rainfall were downloaded from the data archives of the 
Indian Institute of Tropical Meteorology, Pune, from the institute's website, 
http://www.tropmet.res.in/ for the period, 1901-2003 (for temperature ) and 1871-
2005 (for rainfall) and trends were analyzed using Microsoft Excel Program . 
Data for various weather parameters of Imphal valley e.g. temperature (maximum 
and minimum) rainfall, evaporation and simshine hours were acquired from the 
National Data Centre, Pune, of the Indian Meteorological Department and trends 
analyses were carried out. Frequency analysis of the daily rainfall intensity was also 
carried out so as to have an idea about the changing rainfall pattern and their 
relationship with occurrence of floods in the study area. Trends analyses and plotting 
of graphs were done with Microsoft Excel Program. 
Integrated remote sensing and GIS techniques with image processing 
techniques (band ratioing, PCA analysis, generation of FCC) and visual interpretation 
of Landsat ETM+ image of Imphal valley and its surrounding area in Manipur, helps 
in delineating the geological units and structures (faults, lineaments), geomorphic 
units (hills, valley, alluvium fan deposits, lakes and other water bodies, swampy 
areas), differentiating soil signatures, drainage textures and modification, slope 
determination and urbanization extent mapping etc. 
The urban sprawling map obtained through Landsat imageries during 1979, 1990 and 
2000 give the areal extent of the Imphal city as 4.29km^ in 1979, 19.02 km^ in 1990 
and 27.04 km in 2000 and the corresponding population of the Imphal city was 
431773 in 1971, 711261 in 1991 and 833312 in 2001. There is an also significant 
change in areal extent of the open water body of the Loktak Lake. The areal extent of 
the open water body of the Loktak Lake obtained through Landsat in 1979 is 51.29 
Sq. Km. But the areal extent water body increased to 65.57 Km^ in the 1990 and 
71.73 Km^ in 2000. 
The extent of the open water body of the Loktak Lake is increasing ever since the 
transformation of Loktak Lake into a permanent reservoir with the commissioning of 
LHPP (Loktak Hydro Electric Power Project) in 1983. The impoundment of water in 
the Loktak Lake resulted in spread of water over larger areas. It leads to the 
inundation of large area of cultivable and cultivated land, about 20,000-80000 
hectares around Loktak Lake, especially on its eastern side. 
The land-use pattern change in the valley area suggests that the expansion of 
settlement and related activities in the formerly marshy areas and swamps through 
reclamation without proper planning is creating ecological imbalance. It also 
unleashed a slew of health related problems in the form of many water and air borne 
communicable diseases like acute diarrhea diseases, acute respiratory diseases. Higher 
numbers of people are affected by communicable disease in the Thoubal and 
Bishenpur districts as compared to Imphal district. The reasons are majority of the 
people in Thoubal and Bishenpur districts are engaged in agricultural activities, 
fishing, and handloom cottage industries and also due to the edge effects of living in 
the vicinity of many scattered marshy and swampy areas in these two districts. These 
marshy and swampy areas act as hosts for the disease carrying vectors. 
Jhum cultivation in the hills surrounding the Imphal valley affects the study area. 
Jhum cultivation entails large scale deforestation through slash-and-bum of the forests 
and vegetation covers. This leads to the erosion of the precious top soils of the barren 
hills due to the splash forces generated by the rain drops during rainfall, downstream 
sedimentation of the beds of important rivers and streams of the Imphal valley which 
originate in the hills and siltaion of bottoms of Loktak Lake and other smaller lakes. 
Due to deforestation, rainwater flows down without any barriers as the 
absence of trees and forest cover in the hills prevents the seepage of rainwater 
underground. This causes floods during the rainy seasons due to the lack of regulation 
of the rain water through natural processes of storage and conservation facilitated by 
the. forests and trees. The frequency and intensity of floods are increasing and the 
whole of Imphal valley is prone to them. 
Sediments which are farther carried away by the rivers reached the Loktak Lake and 
its surrounding area and deposited in and around the lake, making the area 
surrounding the lake swampy and waterlogged and made conducive conditions for the 
outbreak of vector and water-borne diseases. Cultivated and cultivable land 
surrounding the lake is also submerged affecting the food production. Sedimentation 
and siltation of the Loktak Lake bottom also affects the proper fimctioning of the 
LHPP. Thus, both the ecological balance and hydrological cycle are disturbed. 
The results of the analysis of twenty-five (25) surface water samples collected from 
rivers and ponds (community and private) from different locations in the study area 
during pre-monsoon (March-April) and post-monsoon (October-November) show that 
water from rivers have greater average pH, Hardness, HCO3", CO3 ", Mg , Na*, and 
TDS than the water samples collected from ponds. On the other hand, samples from 
ponds have greater average concentration of S04^", CI" and K"^ . This may be explained 
by the different lithology, hydrodynamic conditions and anthropogenic activities 
prevailing in the sources of both the groups of sample. 
Samples collected from two different rivers from Kakching (SI5) and Phoudel 
(S25) show comparatively higher concentration of Hardness, Calcium, Sodium, TDS 
along with higher pH due to the local effects like dumping of solid wastes fi-om the 
market domestic wastes. 
The average ion chemistry shows the order of anion abundance as CO3 ' 
>HC03">C1>S04^" and that of cation abundance as Ca^^>Na*>Mg^^>K^ . The 
percentage of various anions is 46% C03^", 36% HC03', 18% CI' and negligible for 
SO4 " and the percentage of various cation is 54% Ca^"", 21% Na"", 15% Mg^ "" and 
10% K"". The nature of the hydrochemistry of the surface water samples collected 
from the study area suggests that the water in the area is dominated with Ga^ "" and 
CO3 ". The facies of the water in the study area belong to Ca + Mg cation facies and 
CO3 + HCO3 anion facies. 
Monsoonal rainfall effected changes the ionic abundance order from UCO{ > 
COa^ " >Cr > S04^'and Ca^ "" > Na"" > K"" > Mg^ "" of pre-monsoon (March-April) to 
C03^"> HC03'> C r > S04^"and Ca^ ^ > Mg^^ > K" = Na^ of post-monsoon (October-
November). 
Spatially, all major ions except sulphate show southward increasing trend in 
their concentrations. 
Concentration analysis for trace elements, Fe, Mn, Cr, Ni, Co, Zn and Cu were 
done. 
Seasonal monsoonal rainfall dilutes the concentration of Fe but enriched Cr in 
both the rivers and ponds. 
Most of the trace elements show southward increasing trend in their 
concentration. 
The analyses for major ions and trace elements of the surface water samples 
show that the average concentration of all the major ions and trace elements except Fe 
and Cr at are well under permissible limits set by BIS (1991) and WHO (1993) for 
drinking purposes. Fe at twelve locations and Cr at one location are above their 
respective permissible limits. Although high concentration of Fe is rather more of 
aesthetic and taste significance than health consideration, higher concentration of Cr 
has the risk of causing mainly skin infection. Fe and Cr concentration in the study 
area is mainly contributed by the leaching from the Disang shales. Some contributions 
were also made from the agriculture use of pesticides and herbicides. 
The water in the study area was also assessed for irrigation use. The water 
falls under good water for irrigation and can be used for most of the crops and in most 
of the soils. 
The major ion concentrations are mainly contributed by rock weathering of the 
Disang Formation. Agricuhural use of fertilizers and other anthropogenic activities 
along with the scattered presence of brine springs in the study area also contributed to 
the ionic concentration. 
The hydro-geochemical study of the surface water was also conducted for 
assessment of the various geochemical factors responsible for the surface water 
chemistry. The results suggest that the surface water in the study area is dominant of 
carbonate weathering processes along with minor contribution from the silicate 
weathering. Chemical weathering is contributed mainly by H"^ , which is supplied in 
the environment by the CO2 release by biochemical and geochemical reactions. 
The grain size analysis was also carried out for twenty-two (22) bed sediments 
samples collected from the rivers and standing water bodies (S WBs) consist of ponds 
and lakes. The result shows that the bed sediments from rivers are mostly medium 
sand but at some places the bed sediments are fine to coarse sand. The bed sediments 
of the SWBs are medium sand. But there is significant difference in the kurtosis and 
skewness of the bed sediments fi-om the rivers and SWBs. However in both the 
groups the bed sediments do not show any significant difference in sorting. It may be 
due to the low energy conditions of the drainage system in the valley. 
Trend analyses of the study area in the Imphal valley were carried out for the 
weather elements for the period, 1969-1998. The trends of the daily maximum 
temperature and daily minimum temperature of study area indicated increasing trends 
as are the cases with both the Indian (national) and north-east Indian (regional) trends. 
However, the rate of increase is smaller than the increase rates of both the all India 
and north-east India. The overall increasing trend of temperature in the Imphal valley 
is contributed by increase in the minimum temperature unlike that of the all India and 
north-east India, where rise in temperature is contributed by rise in the maximum 
temperature, because, the rate of increase in the daily minimum temperature in the 
study area is greater than the rate of increase in the daily maximum temperature. 
The rainfall trend of the study area exhibited increasing trend unlike that of 
regional and national trends where rainfall is decreasing. One common feature of the 
national, regional and that of the study area is the decreasing low intensity rainfall 
spread over long period and increasing high intensity rainfall concentrated in short 
period of time. The high intensity rainfall is the cause of frequent flash floods in the 
study area. 
All these increasing trends are observed consistently since 1981. The pre-1981 
data does not reveal any definite trend for these parameters. 
The trend lines for daily evaporation and daily sunshine hour show decreasing 
trends. The analysis shows that for the period, 1969-1980, the trend lines for both 
these parameters exhibit increasing trend but after 1980, for the period, 1981-1998, 
the trend lines for both these parameters show definite decreasing trends. These 
observed trends for the various climafic parameters indicated the local effect of global 
warming phenomenon which brought about climatic change all over the globe. 
Manipur in general and Imphal valley in particular, face water quantity and 
quality concerns even though the place receives ample amount of rainfall. Most of this 
rain water is lost as surface runoff. In terms of quantity, the state needs to tap the 
potential ground water and rain water through rain water harvesting method in order 
to meet the rising needs of the ever increasing population. In terms of quality, even 
though the chemical contamination of surface water is found to be not too severe, 
findings of my study included, biological contamination of surface water-the main 
source of drinking water, due to the reckless disposal of human and animal wastes 
also contributes to the spread of water borne diseases which are very common in the 
study area. Since, more than 60% of the people of the state do not have access to safe 
drinking water, authority should take up necessary measures to address this problem. 
The government also needs to develop proper waste disposal facilities. Recent major 
projects like, the Imphal Sewerage Project and plan to develop a major landfill site in 
the Imphal district are welcome developments in this direction. 
Flood, which is the most fi-equently occurring and damaging of all the 
geoenvironmental hazards in the study area, is mainly due to the anthropogenic 
intervention. Flood in the Imphal valley is mainly due to the iand-use/land-cover 
change in the hills which surround the valley. Most of the main rivers draining the 
valley originate from these surrounding hills and they lie in the catchments areas. 
Shifting cultivation is done extensively in these hills. Since shifting cultivation entails 
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large scale deforestation, the hills are cleared of forest. This deforestation made the 
hills barren and reduces the infiltration of rain water into the ground. So during the 
rainy season, there is large scale runoff which causes flood in the valley. Thus, 
shifting cultivation not only disturbs the hydrological cycle but also causes various 
geoenvironmental problems, like soil erosion, landslides etc. Authorities should 
discourage geoenvironmentally damaging shifting cultivation practice by actively 
encouraging the cultivators to opt for other viable, more productive and 
environmental friendly cultivation practices. This can be achieved through creating 
geoenvironmental awareness and providing incentives to the farmers. 
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INTRODUCTION 
1.1- General Introduction 
The appraisal of geoenvironmental parameters of an area which in\ol\'es the estimation of 
quaUty of the parameters Hlce. geology, geomorphology, hydrology, soil types, land-
use/land-cover patterns and hydrometeorologic conditions has great environmental 
significance in the particular area. The appraisal of these parameters is necessan,' because, 
these parameters are ver\' much important for the sustainable development of any area at 
the same time they are also the causes for various geoenvironmental hazards, of which 
mention ma}' be made of earthquakes, landslides, land subsidences, surface and ground 
water pollution, soil contamination and toxicity, soil erosion, water logging, flood etc. 
which are damaging to life and properties. Geoen\'ironmentaI hazards cannot be prevented 
or controlled altogether but can be mitigated with proper land-use planning, development 
and management (Rao and Reddy. 2004). Appraisal of geoenvironmental parameters is 
also necessary to establish the relationship between the geoenvironmental hazards and the 
geological and geomorphological landforms. Geomorphological set-up depicts various 
attributes of landform viz. nature of landforms, slope, elevation, drainage, climatic 
conditions and associated hazards. Each of the geomorphic landform has typical geologic 
characteristics and any unplanned alteration would cause irreversible geoenvironmental 
damage (Thussu, 1999). 
The solution to our geoenvironmental problems depends on how well we come to 
understand these problems and generate the unity of purpose to find combative and 
mitigative measures for these problems. The major responsibility is creating awareness of 
the geological-geomorphological informations. These informations provide a scientific 
basis for rational land-use planning, which deals with major geotechnical and 
environmental problems arising from topography, geology and soil types including their 
properties and areal distribution (Sah and Mazari, 2007). The appraisal of 
geoenvironmental parameters will help the planners and policy makers in the planning and 
implementation of the developmental policies for optimum utilization of the available land 
and natural resources in the best possible way for sustainable development. 
Also, the analysis of geological conditions, which potentially affect urban physical 
and socio-economic environments, planning, development and management, as a part of 
appraisal, provides proper and better alternatives to solve the existing problems. People 
are migrating with an increasing rate toward towns for the hope of better livelihood, 
education, environments etc. These peoples v i^th different education level and cultural 
heritage come in contact in these confined urban areas without considering 
geoenvironmental consequences. Peoples started to fill up nearby low-lying areas to 
construct ci\il structures without any plan and considering morphological aspects that 
create diversified geo-environmental problems like water logging, drainage congestion 
and flood, groundwater contamination, subsidence, foundation failure etc., hindering 
sustainable development of the areas. 
Proper and sustainable urban planning and development and efficient and optimum 
land-use management can reduce urban hazards and risks. For safe and secure living, we 
need to consider geoscientific aspects including geomorphology and geoenvironments 
prior to planning. This type of study has essentialh' been proved effective for the 
development of different towns and cities in India and abroad (Singh and Singh, 1983; 
ESCAP, 1991; Asaduzzaman era/., 1999). 
The geoenvironmental hazards which have high potential to affect Manipur in 
general and the study area in the Imphal valley in particular, can be grouped into two 
categories. They are 
1. Abiotic or Natural Hazards: These natural hazards are directly related to 
geotectonic set-up and are characteristic of each geomorphic landform. These 
hazards cannot be prevented or controlled altogether but the risks can be mitigated 
with proper planning. These hazards include floods, earthquakes and landslides. 
2. Biotic hazards: Biotic hazards are the result of the anthropogenic activities. They 
are aquatic and terrestrial. They can be prevented and effectively controlled with 
proper planning. These include improper land-use. forest degradation, waste 
disposal (solid wastes and sewerage), and water pollution. 
It is in this perspective that the present study was conducted to understand the 
geoenxiromnent attributes of the study area in Imphal valley with a view to help develop 
a plan of strategy on combating and mitigating the impact of geoenvironmental hazards 
and anthropogenic activity-related problems in the study area. Special emphasis was gi\en 
on the surface water study and climatic parameters trend analysis, as surface water from 
sources like rivers and ponds in the study area provides the major chunk of the domestic 
and irrigation water needs and the availability dependence of surface water on the main 
weather parameters like, temperature, rainfall, evaporation and sunshine hour. 
1.2-Objectives of the Present Study 
The present study is conducted in parts of Imphal valley, an intermontane valley in 
the Indian state of Manipur, a state in the north-east Himalayan region. The area is taken 
up for the present study by keeping in view, the lack of same nature of work done in the 
area other than some scattered studies about the geoenvironmental appraisal with special 
references to Loktak Lake area, which lies in the south-eastern part of the Imphal valley, 
and at the same time the high need of appraisal of geoenvironmental parameters, their role 
in changing the environment and the implications as a result of such changes mainly on 
the health of the human population in the study area. The findings of the study will be 
helpful in planning for the mitigation measures wherever possible, for the ill-effects 
caused by changes in geo-environmental parameters. To be precise, the study will try to 
throw light on the topic by taking up the following aspects of studies: 
1. To conduct geological and geomorphological study of the area and its surroundings 
using Remote Sensing and Geographical Information System (GIS) technique 
based data, of the various geological and geomorphological features so as to have 
more comprehensive and better perspectives on the potential implications of such 
features on the geoenvironment. Also to study how land-use/land-cover change 
over the years have affected the ecology and health of the human population in the 
study area. 
2. To look into the primitive agricultural practice of shifting cultivation localh 
known as jhum cultivation, in and around the study area and its effects in the stud\ 
area. 
3. To conduct the physico-chemical characteristic studies of water from the major 
surface water bodies (rivers and ponds) in the study area and assessment for their 
suitability for drinking and irrigation purposes. 
4. To determine the factors which are responsible for controlling the water chemistry 
in the study area. 
5. To carry out the grain size analysis of the bed sediments of the ri\'ers, ponds and 
lakes to determine the hydrodynamic condition which influence the bed sediments 
in the study area. 
6. To evaluate the climatic trends of various weather parameters based on the past 
climatic data and correlate with the regional and the country trends. 
1.3-Scope of the Present study 
This study is expected to throw Hght on the Hnkage between the changes in various 
geoenvironmental parameters and their effect on the ecology and health of human 
population in the study area. For example, study on the hydro-chemical characteristics of 
the major surface water bodies will give a correct idea about the quality criteria and 
suitability of those waters as majority of the population in the stud)' area uses water from 
these surface sources. The study will also pro\ide evidence on how vector-borne 
communicable diseases along with water-borne diseases, changing rainfall patterns and 
resultant consequences and land-use/land-cover changes are interlinked. The study will tn,' 
to find out how global warming is affecting the study area in terms of temperature and 
rainfall patterns and their direct bearings on the frequency and intensity of floods hazards. 
The study thus, in overall, will help unravel to some extent, the complex relationship 
between various geo-environmental parameters and the ill-effects caused by changes in 
them. This knowledge will be very helpful in planning for mitigation and conservation 
measures for sustainable development. 
1.4- Materials and Methods 
The following methods were adopted to carry out the present study. 
1. The available published and unpublished literatures which are relevant to the 
present study and study area were collected and studied thoroughly. 
2. Secondary data on demography, health conditions, soils, land-use and land-cover 
records were collected from the state government organizations like Medical 
Directorate, Directorate of Soil conservation and Forest. Directorate of Economics 
and Statistics, Manipur Pollution Control Board, Directorate of Industries etc. 
3. Published maps of the study area in the Project Reports and Government Reports 
and Published Papers were adapted for this study. 
4. The 3-arc SRTM-DEM data on 90 meter spatial resolution for Manipur region 
was also downloaded from website http://srtm.csi.cgiar.org/ and used to study 
different terrain and structural componenets like elevation, slope, relative drainage 
density and lineaments etc.Microsoft Excel Program was used for making various 
calculations and plotting of graphs. The satellite imageries of Landsat series such 
as Landsat MSS of 1979, Landsat TM of 1990. and Landsat ETM+ of 2000, of the 
study area, available in public domain under NASA sponsored Global Land Cover 
Facility (GLCF) available at University of Mar>'land websites 
http://glcfumiacs.umd.edu/index.shtml and http://zulu.ssc.nasa.gov/mrsid were 
downloaded and further processed. Different techniques like generating FCC, 
PCA. and band ratioing with the help of the Remote Sensing and CIS softwares 
like. Geomatica 9.1.0 and SAGA 2.0 were applied, to study geology, 
geomorphology, urban expansion of the Imphal city and areal expansion of the 
open water surface of the Loktak Lake and its surrounding marshy and swampy 
areas between the period of 1979-2000. 
5. Surface water samples were collected and analyzed for physico-chemical 
properties including major ions and trace element concentrations using standard 
procedures. The water quality was tested for use in drinking and irrigation based 
on the standard quality criteria set by the organizations and individuals. Software 
based studies for spatial variations in the concentrations of the major ions and trace 
elements were also taken up using SURFER V. 8. 
6. Grain size analysis for the bed sediments collected from different locations from 
ponds and lakes in the study area, was done using ASTM (American Standards For 
Testing of Materials) standard sieves . Graphic statistics like Mean, Standard 
Deviation, Skewness and Kurtosis were computed using GRADISTAT software. 
7, Literatures on climatic trends with special emphasis on maximum and minimum 
temperature and rainfall were collected and studied. Data for average monthly 
weather elements specially for maximum and minimum temperature and rainfall 
for north-east India were downloaded from the data archives of the Indian Institute 
of Tropical Meteorology (IITM). Pune. from the institute's website. 
http://vv-wAv.tropmet.res.in/ for the period. 1901-2003 (for temperature) and 1871-
2005 (for rainfall) and trends were analyzed using Microsoft Excel Program. 
Data for various weather parameters of Imphal valley e.g. temperature 
(maximum and minimum) rainfall, evaporation and sunshine hours were acquired 
from the National Data Centre (NDC), Indian Meteorological Department (IMD), 
Pune and trends analyses were carried out. Frequency analysis of the daily rainfall 
intensity was also carried out so as to have an idea about the changing rainfall 
pattern and their relationship with occurrence of floods in the study area. Trends 
analyses and plotting of graphs were done with Microsoft Excel Program. 
1.5- Previous Works 
The north-eastern part of India had attracted its share of geological attention for 
many pre and post-independence era workers. Workers like Mallet (1876), Oldham 
(1883), Evans (1932), Brunnschweiler (1966) etc. have contributed to the understanding of 
the general geology of the north-east. The standard stratigraphic sequence of Manipur was 
prepared by Ibotombi (1993) from the adopted general stratigraphic succession of Assam, 
through modifications here and there, of the earlier data as well as incorporating data 
which emerged later. 
Godwin-Austen (1873) opined that the Imphal valley was evolved due to filling-up 
of lake through siltation. Oldham (1883) suggested for fluvial-filling for the evolution of 
the valley. Ibotombi (1993) concluded that the valley was originated as a result of the 
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structural and tectonic evolution of the Indo-Myanmar Ranges (IMR) and the present 
landscape is the result of continuous erosional processes since them. 
Rajen (1993) worked on the hydromorphogeology of the Imphal District. Minketan 
(1996) worked on the hydrogeological studies of the Imphal valley and categorized he 
valle}' into two, unconsidered and semi-unconsolidated units of which aquifer systems 
were held in unconsolidated unit consisting of pebble, gravel, boulder, sand, clay and silt. 
Some works were also done in the geoenvironmental front. Shyamananda and 
Tombi (1985) conducted the ecological and economic appraisal of the wetlands of Imphal 
valley and shed light on the need for balanced approach for sustainable development. 
Tombi (1989) worked on the environmental appraisal on the Loktak Lake and emphasized 
on the need for creating awareness through environmental education. Geeta Devi (1998) 
studied the geochemical characteristics of the Loktak Lake with reference to the 
geoenvironment and concluded that the lake water shows Mg > Na > Ca > K and HCO3 > 
CI > S04> Cf type with high Iron and Mercury content. 
On the geoenvironmental hazard front, Dinachandra (2001) conducted the flood 
hazard zonation of Imphal valley. Bahar-ud-din (2005) concluded that shifting cultivation 
in the hills, especially in the Ukhrul district is contributing to the deforestation, soil 
erosion in the hills and increased in frequency and magnitude of flash floods and drought 
in the valley. Arunkumar and Manichandra (2006) found out that the creeping regional 
fault, the Churachandpur-Mao Thrust (CMT) situated on the west of Indo-Myanmar 
subduction zone as a natural cause, also triggers landslides in the vulnerable areas of the 
National Highway-39 (NH-39). Prdipchandra et al. (2007) found out other anthropogenic 
causes of landslides along the same NH-39, like highway construction, deforestation, 
terrace cultivation for paddy in the vulnerable areas and heavy constructions etc. 
1.6-Appraisal of some Potential Geoenvironmental Risks in Study Area 
Floods: Floods are the most common and most damaging geoenvironmental hazard 
parameter in the Imphal valley. The main reason is because Manipur receives ample 
amount of rainfall, about 14]9.5mm/year (normal), mostly during the rainy season when 
the south-west monsoon pre\'ails in the region. Heavy rainfall together with poor drainage 
conditions result in frequent flash floods in the valle>' and caused destruction of standing 
crops and properties. Flood hazard zonation map of the Imphal valley is given in fig. 1.1. 
The primar\' causes of flood in the Imphal valley are: 
(i) High intensity rainfall in the hilly regions surrounding the Imphal valley during the 
rainy season. 
This hilly region forms the upper catchment of the various rivers and streams 
draining the valley, 
(ii) Heav}- runoff and low infiltration in the degraded watersheds in the upper reaches 
of these rivers and streams. 
The hilly region, surrounding the Imphal valley in the state of Manipur forms the 
catchment area, is highly degraded due to large scale deforestation through slash-
and-bum for the purpose of shifting cultivation, known locally as jhum cultivation. 
In the absence of forest cover, infiltration is reduced and rainfall received in the 
hilly areas escapes as run-off and erodes the top soils of the hills. The carrying 
capacity of the rivers and streams in the valley exceed suddenly. This inundates the 
banks of the rivers and streams and causes floods in the valley, 
(iii) Sedimentation and siltation of the river beds and lake bottoms. 
The eroded soils and sediments from the deforested hills are deposited along the 
courses of the rivers and streams and finally the bottoms of major and minor lakes in the 
valley. This deposition raises the beds of the rivers and streams and bottoms of the lakes 
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thereby decreasing the carrying capacity of these water bodies. When the rainy season 
comes, rainwater exceeds the carrying capacities of these water bodies and inundates the 
banlcs of the rivers and streams and cause floods. 
Some mitigative measures for flood hazards 
In order to mitigate the flood hazards in the study area in the Imphal valley, the 
following long term and short term measures should be taken up. They are: 
(i) Afforestation in the catchment areas: It is one of the most effective methods to 
control flood because vegetation cover in the catchment areas increases infiltration 
of the rainwater into the ground and reduces the runoff. Afforestation will also 
prevent soil and sediment erosion. This will decreases the sedimentation and 
siltation in the beds of the rivers and streams in the valley and will not disturb the 
carrying capacity of the water bodies appreciably thereby reducing the chances of 
floods in the valley during the rainy season. Shifting cultivation practice which 
involves deforestation should be discouraged by creating awareness as well as 
suggesting feasible alternative cultivation practices. 
(ii) Ground water recharge: The simplest, cheapest and possibly most effective method 
of reducing flow on the ground will be to artificially induced infiltration through 
large number of dug wells sunk along the beds of ephemeral streams. 
(iii) Flood embankments: Building embankments or 'bunds' along the river banks at 
the vulnerable spots can also prevent spilling of excess water from the rivers. 
(iv) Water spreading: Marshes, swamps and lakes should not be encroached and should 
be improved so that they can be used as places where flood water can be spread 
over. 
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Fig. 1.1: Flood hazard zonation map of Imphal valley and catchment area 
(after Dinachandra, 2001). 
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Water pollution: Water is absolutely important to sustain life on the earth. But water as 
resources is extremely finite although happily replenishable. Only about 1% of the water 
on earth is usable (Valdiya, 1987). The small percentage of potable water, surface as well 
as ground water, available for use is vulnerable to pollution and contamination naturally as 
well as through anthropogenic activities. Pollution \ulnerabilit}, is higher in case of 
surface water. So. formulation of effective water management plan involving judicious use 
is highly needed for the wealth of a nation does not reside in mineral deposits, fossil fuels 
or abundant fresh water resources, but in the ability to use these resources intelligently 
(Deming. 1975). 
In Manipur. the main source of water for use in different purpose is the surface water 
from rivers, streams, ponds and lakes. Table below shows percentage-wise distribution of 
households using water for drinking from different sources. 
Table-1.1: Percentage-wise household distribution with drinking water sources. 
Source 
Tap 
Hand pump 
Tube well 
Pucca well 
Others (ponds, rivers, etc.) 
%household 
29.27 
6.35 
1.32 
6.46 
56.6 
Source: Census of India. 2001. vol.iii. 
From the table, it is seen that, only about 29.27% of the total household percentage 
uses tap water that can be considered 'technically treated". Another 14.15% of the 
households use water from the well /tube well / hand pump, directly with least treatment 
and rest of the house holds use surface water from the rivers, ponds, canals. 
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Manipur is one of the least industrialized states of India. So. possibility of large scale 
chemical contamination of the surface water and ground water through industrial activities 
is absent. But the Imphal valley is still yet to have proper landfill sites where domestic and 
municipal solid wastes can be dumped properly. Urbanization and over-congestion is on 
the rise but drainage systems in the town are at best outdated and unorganized and 
dysfunctional. Most of the solid wastes including human and animal wastes are carelessly 
dumped in the open areas, from where rainwater and flood water carry them and 
ultimately drains them into the water bodies. At some places, the wastes are directly 
dumped into the rivers passing through the towns especially at Imphal. Thoubal. 
Kakching. Yairipok etc. in the valley. Thus, these all important surface water bodies are 
exposed to pollution and contamination. According to the Status of Environmental (SOE) 
Report of 2007. biological contamination of drinking water supply from the surface 
sources combined with scanty quantity has been major cause of most of the ill health in 
the Imphal valley. Increase use of fertilizers, insecticides and pesticides in the agricultural 
practices leads to chemical contamination of food and water. 
Some recommendations to prevent surface water pollution in the study area are: 
(i) Setting up of landfill sites: The Imphal valley area is yet to have a proper 
landfill site. In the absence of such facilities, large amount of municipal and 
domestic wastes generated by the dense population are most of the time 
dumped carelessly in the open places from where rainwater and flood water 
carry them and drains them ultimately into the all important surface water 
bodies. At some places, the wastes are also directly dumped into the rivers 
passing through towns and markets (See photo). These pollute the surface 
water bodies especially ri\ers and lakes from where most of the domestic and 
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municipal water needs come from. So, government should set up proper 
landfill sites where the domestic and mimicipal wastes can be dumped safely. 
Photo 1.1: Field Photograph of dumping of waste in a river passing through Imphal City 
(ii) City drainage: Drainage system in the in Imphal city should be upgraded and 
laid afresh where the need arises. All the septic tanks and lavatories in the city 
should be made to connect with the central drainage system for proper 
dumping of the wastes and reutilization as other forms. In the villages 
awareness should be created of the advantages the pit latrines at the proper 
places, 
(iii) Quality maintenance of the large community ponds: In places where 
community ponds serve as the only sources of drinking water and for other 
domestic uses, the ponds should be managed properly. Bathing, washing and 
other activities in and around the ponds which can pollute the water bodies 
should be strictly prohibited. Use of fertilizers, pesticides and insecticides at 
the vicinity of the ponds should be avoided. 
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Soil erosion; On an average, the uppermost 30cm thick layer of the weathered and 
disintegrated minerals mixed with organic substance of the earth's crust known as soil, 
supports all human and animals directly or indirectly. The very existence of mankind 
depends on conserving this vital natural resource. But due to some natural processes and 
more of human interventions through tempering with ecological balance by reshaping or 
defacing the topography, large amount of soil is being eroded continuously all over the 
globe. About 4.36 million hectares of land have been adversely affected by shifting 
cultivation through slash-and-bum deforestation in the hilly tracts of eastern and south-
central India, the annual rate of damage being one million hectares. Soil is eroded mainly 
through wind or water. 
Manipur state in the north-east India is also one of the main states where shifting 
cultivation is done mosth' and extensively in its hill districts which surround the Imphal 
valley. Table below shows percentage share of shifting cultivation area in the five hill 
districts, of the total shifting cultivated area of Manipur. 
Table-1.2: Percentage share of shifting cultivation area in the five hill districts of Manipur. 
Churachandpur 
Chandel 
Ukhrul 
Tamenglong 
Senapati 
24.84% 
15.38% 
28.63% 
24.7% 
6.45% 
Source: Dept. of Eco/Stat. Report on crop-estimation survey, Manipur 
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More then 83 thousand families are practicing shifting cultivation in Manipur's hill 
districts thereby affecting vast areas at forest-cover of the state. Shifting cultivation is 
directly linked with the deforestation in these districts. Forests are cleared at rapid rate 
through slash-and -burn method as the cycle of shifting cultivation is reduced to 3-4 year 
as compared to 15-20 year cycle in the past, so as to meet the food needs of the growing 
population. Ninety-nine percent of the deforestation is done for shifting cultivation and 
hunting of animals while remaining one percent felling of trees is done for firewood for 
the local populace. 
Soii erosion in Manipur primarily affects the hill districts surrounding the Imphal 
valley because deforestation through slash-and bum for shifting agricultural practice is 
extensive in these districts. Though soil erosion is not a primar>' problem that affects the 
Imphal valley, the consequence of soil erosion in the hills is faced in the Imphal valley. 
Deforestation is leading to the degradation of soils in the hill districts through erosion of 
the top soil by the rapid runoff during the rainy season when the hill districts receive 
heav}' rainfall. The soil erosion pattern of Imphal valley catchment area is given in fig. 1.2. 
Deforestation in the hill districts affected the Imphal valley by increasing the 
frequency and intensity of floods. These floods are the result of high runoff in the hills of 
Manipur which form the catchments of most of the important rivers flowing in the Imphal 
valley. As the hills in the catchments have become barren and devoid of vegetation cover, 
infiltration of rainwater is greatly reduced and the water escapes as runoff along with large 
volume of eroded soil and sediments. These soils and sediments deposited along the 
courses of the rivers and steams in the valley and raise their beds thereby reducing their 
carrying capacity in due course. This paves way for future floods during rainy season. The 
eroded soils and sediments are further carried away by the rivers and streams and 
deposited in the Loktak Lake bottoms. Thus, siltation problem of the Loktak Lake is set 
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up. It is estimated that about 50% (3.36.325 tonnes) of the total soil loss from the 
catchments are deposited in the Loktak Lake every year (WAPCOS,1988). The siltation 
and sedimentation in the Loktak Lake made the lake bottom to rise thereby increasing the 
open surface water in the rainy season as result of the decreasing water holding capacity. 
The spread of the lake's water flooded the lake's surrounding and made the cultivated area 
in the vicinity of the lake to submerge under water. The silts and sediments also cause the 
persistence of marshy and swampy areas around the Loktak Lake. 
Some mitigative measures to check soil erosion 
Rain water runoff is the most important erosion agent. The strategy for controlling erosion 
and reducing degradation of land in these hills which serve as catchment areas of the 
valley flowing rivers should employ measures that will protect the soil from the actions of 
running water (Valdiya, 1987). 
Some mitigative measures for soil erosion are: 
(i) Afforestation in the catchment areas: Aforestation in the catchment areas will 
increases the infiltration of rainwater into the ground and reduces the runoff. 
Afforestration will also help to hold the top soil of the hills through vegetation 
cover. 
(ii) Landuse practice: Shifting cultivation in the hills which induces large scale 
deforestations through slash-and-bum should be discouraged. Feasible alternative 
cultivation practice like terrace farming should be encouraged. 
(iii) Check dams: Building of check dams in highly vulnerable areas will also help 
arrest soil erosion. 
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Landslides : Manipur faces landslide problems b\' the combined \'irtues of its location in 
the geodynamically sensitive north-east Himalayan region, vulnerable topography-hills 
with steep slope covering about 90% of the total geographical area, and a climatic 
condition of heavy rainfall during the south-west monsoon season. Landslide is major 
geoenvironmental hazard affecting the hill districts of Manipur because these areas satisfy 
the right combination of lithoiogy, moisture content and slope angle of the material 
forming the slope. The two national highways in Manipur, NH-39 and NH-53 especially, 
the NH-39 passes through some of the most landslide prone areas in the hilly region. The 
Imphal \alley is also affected by the landslides in these routes because these routes are 
considered lifelines of Manipur and land slides along these routes affect transportation of 
essential commodities and movement of people. So. the impact of landslide on the socio-
economy of the valley is more pronounced during rainy season when the landslides occur 
frequently. 
In Manipur landslides are mostly triggered by heavy and pronged rainfall in the 
hills during rainy season and also when natural slopes are modified by natural processes 
like weathering, fluvial downcutting, creeping and anthropogenic activities like 
deforestation, road cutting, quarr>'ing, loading of the top slope, and removal of bases 
materials and land- use practice etc. 
In the severely affected Maram-Mao section of the NH-39 most of the adjacent 
area have high slope angle which makes easier to trigger land slides. The practice of 
terrace paddy cultivation in slopes around the area where water is retained for about 60-90 
days also helps more or less to saturate the soil column completely and aggravates 
landslides (Pradipchandra et al., 2007). 
The creeping regional fault, the Churchandpur-Mao Thrust (CMT) situated to the 
west of the Indo-Myanmar subduction zone which again falls within the high seismic zone 
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is also a natural cause which triggers landslides in this area (Arunkumar and Manichandra, 
2006). 
Some mitigative measures to check landslide hazards 
Complete prevention of landslides is not possible but we can mitigate / minimize 
the affects of landslides through proper scientific planning. Mitigati\e measures for 
landslide are multi-prong strategies. They are combinations of engineering and 
environmental mitigative measures. 
Engineering mitigative measures 
(i) Drainage control: The fist step in slope stabilization is to get rid of water which 
is the most important agent of landslides. It should be achieved by dewatering 
the affected mass and directing the water away from the landslide prone areas 
as for as possible. This should be accomplished by constructing elaborate and 
suitable drainage network with adequate gradient. 
(ii) Road construction: Road and slope cuts should be designed scientifically to 
achieve general flattening of the slope. Proper retaining walls must be 
constructed using lighter reinforced structure with proper lateral or side 
anchorage bolting where slope cannot be reduced. 
(iii) Building construction: The recent spurt in the constructions of heavy RCC 
(Reinforced cement concrete) buildings especially around the landslide 
affected area should be discouraged and prevented in favor of lighter wooden-
frame house with Gl (Galvanized iron) sheet roofing so as to prevent extra load 
in this hill slope. 
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(iv) Construction of check dams: Construction of check dams across the stream 
path to reduce base level erosion will be helpful where landslides are caused by 
the down cutting or erosion by streams. 
(v) Unloading and loading : Unloading upper parts of the slope in the slide-prone 
areas by removing slipped materials and loading the lower part by filling will 
also help reduce landslide. 
Environmental measures: 
Land-use/land-cover patters are the main anthropogenic activities that trigger and 
aggravate landslides in the land slide prone areas of Manipur along NH-39 (see map in 
fig. 1.3). The following mitigative measures should be taken up to minimize the hazard. 
(i) Terrace cultivation: Terrace paddy cultivation in the upper parts of the slope 
which requires retention of water for 60-90 days should be avoided because it 
provides water for lubrication of the materials. If unavoidable, terrace 
cultivation should be done in the lower parts of the slope. 
(ii) Selective cropping: Horticultural plants and cash crops which require little 
water should be cultivated in the upper parts of the slope. 
(iii) Afforestation: Afforestation of the slope should be encouraged but big trees 
should not be planted in the steep slope. 
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Earthquakes: The location of NE Indian state of Manipur in the Indo- Myanmar border in 
the NE Himalayan region has great geodynamic consequence because this region is one of 
the most geodynamically unstable regions of the world. It is because the Indian plate 
underthrusts the Myanmar-Andaman- Indonesian plate in this region. The concentration of 
epicenters is seen in this triple orographic junction. The east-west trending Main Boundary 
Fault (MBF) which runs along the foothills of the sub-Himalaya and which forms the 
boundary of the north Brahmaputra plain and another thrust fault which also runs along 
the east-west direction along the southern margin of the Shillong plateau merges and 
forms another NE-SW thrust zone in Nagaland and Assam. 1 his zone is known as the belt 
of Schuppen. The great earthquake of 1897 occurred due to slipping along this fault. 
In Manipur, earthquakes of low to moderate intensity are recorded regularly. 
Manipur has also been impacted by dozens of large earthquakes, the biggest one in recent 
times being the 1988 earthquake with a magnitude of 8 on the Richter scale. Most 
earthquakes in western Manipur are shallow. But some earthquakes, especially those 
recorded in the eastern parts and along and across the Myanmar border have greater 
depths. Manipur lies in the high to very seismic zone. 
Manipur falls in the Zone V of the seismic hazard map of India as per the BIS (2002) 
(see map in fig. 1.4). Areas in the Imphal valley are vulnerable to damage during 
earthquakes because of high population density and poor housing conditions. Much of the 
valley floors provides for strong shaking from even far off quakes as its soft alluvial soil 
amplifies the wave motions. Potential earthquake hazard is also increased as the Impha] 
\'alley is bounded by two large prominent structural and tectonic lineaments, the Thoudam 
- Kodam Thrust fault on the eastern side and a faulted anticline axis marked by high angle 
reverse fault on the western side of the valley (Ibotombi. 1993). 
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Some mitigative measures for earthquake hazards 
Since Manipur lies in the high to very high seismic hazard zone, proper awareness, 
planning and training is highly recommended. Since most casualties in earthquake all over 
the world occur due to collapse of houses and buildings, earthquake resistant norms should 
be followed strictly in every house and building construction and also other civilian 
structures like bridges and dams. Construction of large and heavy multi-storyed buildings 
should be discouraged and restricted. Instead, earthquake resistant, light structures for 
housing should be strictly adopted and recommended. Roads and alleyways should be 
made sufficiently wide. People should also be trained for rescue and relief measures. 
Fig. 1.4: Earthquake hazard zones of India (Source: BIS, 2002). 
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STUDY AREA 
The Imphal \'alley, which is also known as Manipur valley, where the present 
study was conducted, lies in the middle of the state of Manipur. which is a state of India. 
Manipur lies in the north-eastern part of India. The study area falls in parts of Imphal 
\'alley. also known as Manipur valley. The Imphal valley in the central part of the north-
east Indian state of Manipur. Manipur and the region around it forms a part of the larger 
north-eastern Himalayan (NE Himalayan) region. 
Manipur is bounded by the other Indian states. Nagaland in the nort, Mizoram in 
the south-west. Assam in the west and another countr>' . Myanmar in the east and south-
east. The valley is a flat plain valley which is surrounded on all sides by the Manipur Hills. 
Geographically, the valley occupies 10% of the total area of the state but supports 61.54 
percent of the state's total population of 22.93,896 persons (Statistical Abstract of 
Manipur. 2007). The area forms a part of the larger north-east Himalayan (NE Himalayan) 
region. 
The area is chosen so chosen because few scientific geoenvironmental studies were 
carried out in the north-east India in general and in Manipur in particular due to logistical 
problems and uneasy access as compared to other much studied intermontane valleys in 
the central and western Himalayan regions. Even though, the state is considered 
industrially virgin area, since 1961, the population of the state is growing at the rate 
greater than all-India decadal growth percentage. The ever growing population and its 
attendant anthropogenic activities like unplanned growth in urban settlements and huge 
accumulation of solid wastes in the absence of proper landfill sites, encroachment on the 
scattered wetlands for habitation and agricultural activities, shifting agricultural practices 
in the higher reaches in the surrounding hills, deforestation along with the impacts felt 
from the external factors like global warming and climatic change phenomenon are 
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exerting pressure on the geoenvironment of the study area. The impacts of these natural 
and anthropogenic activities are manifested in the form of deterioration of quality of water 
resources, deteriorating health conditions, increase incidences of water- and vector-borne 
communicable diseases, increasing frequency and intensity of the occurrence of flood 
hazards in the study area and landslides and soil degradation and loss etc. in the mountains 
and hilly regions. Ignorance about the stresses on the geoenvironment is no less hazardous 
while planning for mitigation and improvement of the geoenvironment conditions. This 
geoenvironmental appraisal study will supplement the previously existing scattered and 
insufficient informations and data, and will provide an integrated picture for the various 
geoenvironmental parameters and their impacts in the study area. The findings of this 
study will be a useful part, not only in the quest for awareness but also planning for 
mitigation, correction, conservation and management for sustainable development of the 
study area. 
2.1-Location 
The Imphal valley lies in the central part of Manipur (see fig.2.1). The study area 
in parts of Imphal valley is bounded by 24°16'N and 25°02'N latitudes and 93°4rE and 
94°09'E longitudes, and covers an area of about ISOOsq.kms This valley is an elongated, 
oval shaped, intermontane valley with elevation ranging from 746m to 850m above the 
mean sea level (msl) with an average elevation of about 780m above the msl. This valley 
tapers toward south. Imphal, the capital of Manipur is connected by three National 
Highways (NH-39, NH-53 and NH-153) and also state highways and district roads. Also, 
there are air services operating on daily basis connecting Imphal with other places in India 
like Guwahati, Kolkata and New Delhi. 
27 
93 41 94 09 
Fig. 2.1: Location map of the study area 
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2.2 - Geology 
Some early workers like Mallet (1876), Oldham (1883) Evans (1932), and 
Brunnschweiler (1966), Anonymous (1974) Acharya et al. (1986) have described the 
geology of the north-east on the regional basis. GSI or any other organization is yet to 
provide a standard stratigraphic succession of Manipur other than the adoption of the 
generalized sequence of Assam with minor modifications here and there. Ibotombi (1993) 
compiled and established a sratigraphic succession of Manipur by modifying the earlier 
data as well as incorporating later emerged data. The geological map of Manipur is given 
in Fig. 2.2 and the stratigraphic succession is given in following table 2.1. 
index 
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Matemorphict 
Fig. 2.2 Geological map of Manipur ( Brunnschweiler, 1966 and Ibotombi, 1993, 1998) 
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Table-2.1: Stratigraphic succession of Manipur. 
Lithounits and age Description 
Alluviums Dartc grey to black clay, sill and sandy deposits of fluvio - lacustrine 
(Quaternary-Holocene to origin. Mainly fluvial alluviums in the Barak valley area of western 
Pleistocene (?)) plains. 
Clay, sand, gravel, pebble, boulder deposits of the foothills and old 
river terraces 
Stratigraphic break 
Mottled clay, molted sandy clay, sandy shale, clayey shale and 
sandstone. 
Tipams (Miocene) Greenish to blue, moderate to coarse ferruginous sandstone with sandy 
shale, clay. Often brown to orange due to weathering. Molasse type of 
deposits. 
Shale, sandy shale, siltstone, ferruginous sandstone, massive to false-
bedded ferruginous sandstones. 
Sumas (Miocene to Upper Alternation of sandstones and shale with more argillaceous horizons in 
Oligocene) the middle and minor conglomerates. Transitional characters from 
flysch to molssse sediment 
Unconformity 
Barails Massive lo thickly bedded sandstone. 
(Oligocene to Upper Eocene) Alternations of shale and sandstone with carbonaceous matters. 
Intercation of bedded sandstones with shales. Flysch sediments of 
turbidite character. 
Disangs Dark grey black, splintery shales and intercalations of shales, siltstones 
(Eocene to Upper Cretaceous) and sandstones showing occasionally rhythmite characrters. 
Unconformity (partly) 
Ohpiolite Melange Zone (Lower Basic and ultrabasic intrusive and extrusive of peridotite, gabbro, 
Eocene to Upper Cretaceous) serpentinite composition. Associated sediments are mainly pelagic 
such as cherts, limestones, shales etc. 
Unconformity 
Metamorphic Complex ( Pre Low to medium grade metamorphic rocks of various compositions -
Mesozoic or Older) phyllitic schists, quartzites, micaceous quartzites, quartz-chlorite-mica 
shists, marble. 
(?) Unconformity 
Basement Complex Unseen 
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The Imphal valley which lies in the central part of the state has a distinct geologic 
nature as it occurs within the surrounding hilly region (see fig.2.3). It is oval shaped valley 
encircled by the hills of Manipur on all sides with only narrow inlet and outlet of Imphal 
River in its northern and southern sides. It has a fresh water lake, the Loktak Lake, the 
largest in the north-east India, in the southern part of the valley. Small hillocks do occur 
rising above the flat alluviums of the valley. 
The major central part of the state is occupied by Disang and Barail sediments. They 
constitute the principal flysch sediments of the region. The Disangs is a monotonous 
sequence of dark grey to splinter)' shales with some intercalations of siltstone. Barails on 
the other hand, are mainly arenaceous sediments with minor to thick interbands of shales. 
The contact between the two lithounits is gradational as well as tectonic. (Ibotombi, 1998). 
The Imphal valley lies within the Disang-Barail Flysch Basin. This valley was 
originated as a result of the tectonic and structural evolution of the Indo-Myanmar Range. 
IMR. The valley does not contain any lithounit except the Quartemary Alluvium Deposits. 
40-50m thick, of fluviolacustrine origin (Ibotombi, 1993). After the deposition of the 
Tipams which might have completed by the end of Miocene or Early Pleistocene, erosion, 
denudation started in the region and the post-Tipam period is represented only by a 
sequence of alluviums of varying thickness. The largest occurrence of alluviums is of the 
Imphal valley. The sediments of the deposits are derived from the surrounding Disangs 
and Barails and mainly contain dark-grey to black clay, silt and sandy deposits. Clay, 
sand, gravel, pebble and boulder deposits are found in the foothills of the old river 
terraces. These are thought to be Older alluviums (Oldham, 1883). The age of these 
alluviums is assigned to be Recent. 
Tectonically the valley is bounded by two large and prominent structural and 
tectonic lineaments, one on the eastern side, the Thoubal-Kodam Thrust fault and the other 
on the western side, a faulted anticline axis marked by high angle reverse fault. The 
western tectonic element serves as a structural contact between the Disangs and the Barails 
at places and runs close and parallel to the contact of the lithounits. The tectonic sketch of 
the Imphal valley is given in fig.2.4. Almost all the hillocks within the valley are 
composed mainly of Disangs. Some outcrops of the Barails occur as cappings in the form 
of outliers mainly on the eastern part of the valley. 
Godwin-Austen (1873) opined that valley was evolved due to the gradual fill-up old 
lake, the Loktak Lake. But Oldham (1883) pushed for fluvial-filling in the evolution of the 
valley. Ibotombi (1993) concluded that the valley was originated as a result of structural 
and tectonic evolution of the IMR and the present landscape is the result of continuous 
erosional processes since then. 
The Manipur Hills stretch between the Naga-Patkai Hill in the north and north-east 
and the Chin Hills in the south. The Manipur Hills forms a part of the Indo-Myanmar 
Range (IMR). The structural and tectonic pattern of the region is transitional between the 
NE-SW trending pattern of Naga- Patkoi Hills and N-S trend of Mizoram and Chin Hills. 
The rock of the state is predominantly made up of Tertiary and Cretaceous sediments with 
minor igneous and metamorphic rocks. The rock formations are mainly flysch sediments 
of Tertiary age and constitute about 70% of the total area of the state. 
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2.3- Geomorphology 
The Imphal valley, enclosed by Manipur Eastern Hills and Western Hills, is also 
one of the Himalayan midlands like the valley of Kashmir and Kathmandu valley in the 
Himalayas. It is an intermontane basin, about 60-65 km. long and 30-35 km. broad 
having an area of 1800 sq. km. The valley is a high level flood plain with an average 
elevation of about 780 meters above msl. The 900 meters contour forms its outer limits. 
It is a lacustrine plain-site of an ancient lake, which was subsequently filled up and 
uplifted to its present position, the remnant of which occupies as the present day Loktak 
Lake, in the south-east corner of the valley (Singh, 1982). The flat-land topography of 
the Imphal valley which is formed by the alluvial deposits after the Tertiary period is 
occasionally broken by hills and mounds which rise above this flat surface. These 
include the Langol, Heingang, Nongmaijing Ching, Langthabal and Waithou etc. The 
scenic beauty of Loktak Lake, which is the largest fresh water lake in the north-east 
India, also features a series of islands which rise above the water level. Sendra, Ithing. 
Thanga and Karang are the most important among them. The geomorphological map of 
the Imphal valley is given in fig.2.5. 
The Manipur Hills, which encose the Imphal valley, consist of a series of parallel 
ranges extending between the Naga Hills in the north and Mizo and Chin Hills in the 
south. Having a general slope towards the south, these hills extend from north-east to 
south-west direction. These hills broadly fall into two groups-the Manipur Eastern Hills 
and the Manipur Western Hills, which differ in their layout, structure and relief 
The Manipur Eastern hills having the important hill ranges of Nupithel 
(Mapithel), Chingai, Malain, Angoching and Yomadung forms a compact and 
continuous chain along the Indo-Myanmar frontier for about 200 km., attains an average 
height of about 1,500 meters. The breadth ranges from 50 km in the north to about 30 
35 
km. in the south. Khayangbung (2,833 m.), Shiroi (2,568 m.) and Kachubung (2.498 m.) 
are the important peaks. Formed of the Disang shales, Ukhrul limestones and the 
serpentinites. the Manipur Eastern hills contain a number of important minerals like 
limestone, chromite, talc, nickel and copper ores (Laiba, 1992). 
The Manipur Western hills, with the number of parallel ranges— Uningthou, 
Koubru, Khoupum, and Haobi, spreads over the entire western part, running north to 
south for about 180 km. with a breadth of 50 km. in the north and 70 km. in the south. 
The hills are generally higher in north and west and lower towards the south. Important 
peaks of this hill ranges are Tenipu (2,994 m.), Koubru (2.652 m.). Leikot (2.831 m.). 
Tamphaba (2,664 m.), and Iso (2,460 m.). Small valleys are also found running parallel 
with ridges from north to south, these hills are composed of compact sandstones, shales 
and clays of the Barail series, but their western slopes are covered with sandstones, 
shales, mudstones and conglomerates of the Surma series. 
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Fig. 2.5: GeomorphoK'.;. cal map of i:nphal valley and catchment area 
(after Dinach; J'-a, 2001). 
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2.4 -Drainage 
The Imphal valley is traversed by important rivers of the state of Manipur like Iniphal 
River also known as Manipur River, Iril River, Thoubal River, Wangjing River etc. The 
Imphal River flows from north to south and is joined by its tributaries, the Iril River, 
Thoubal River, and Sekmai River at different places. Other rivers, Nambul, Nambol, 
Khuga and Sekmai also drain the valley. These rivers along with other smaller rivers and 
streams form the Imphal River syatem. This river system has a catchment area of 6,322 
sq. kms. and embraces 28.4 per cent area of the state. The drainage map of the study area 
along with the catchment is given in fig.2.6. The Iril River is the largest on the Central 
plain and meets the Imphal River at Lilong. The Thoubal River also meets with Imphal 
River at Irong. It merges near the Loktak Lake and further flows down in the name of 
Manipur River. After crossing the Manipur border, it joins with Chindwin River of 
Myanmar and finally meets with Irrawady River to merge in the Bay of Bengal. These 
rivers carry a good amount of silt, which has raised their beds considerably. Discharging 
maximum quantity of water during the monsoon months, they frequently inundate the 
lands along their banks. 
The Imphal River system along with Loktak Lake and other associated lakes and 
private and community ponds of varying sizes dotting the valley landscape provide the 
main sources of surface water for used in domestic and municipal purposes. 
Other impotant lakes in the Imphal valley are Phumlenpat, Kharungpat, Ikoppat and 
Waithoupat. There are also number of marshes and swamps in the vicinity of the lakes 
and along the inter-reverine tracts. 
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Fig. 2.6: Drainage map of the Imphai valley oi.d catchment area (after Dinachandra, 2001). 
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3.1.1 Materails and Methods 
The characteristics of the satellite data and the data set sources used for the study is 
given in tables 3.1a & b. The various modules like Hydrological and Geological modules 
of Geomatica were used for making calculations and cartographic outputs. Landsat ETM+ 
(Enhanced Thematic Mapper plus) and SRTM-DEM (Shuttle Radar Topography Mission-
Digital Elevation Model) data were used for various Geological, Structural and 
Geomorphic analyses. A subset of valley region of a Landsat ETM+ of October, 2000 was 
acquired from Global Land Cover Facility (GCLF), University of Maryland, USA website, 
http://glcfumiacs.umd.edu/index.shtml This Landsat data is made available under the 
National Aeronautics and Space Administration, NASA sponsored MuUi-resolution 
Seamless Image Database (MrSID) maintained by NASA at http://zulu.ssc.nasa.gov/mrsid 
and the University of Maryland Global Land Cover facility web sites. The Landsat ETM+ 
has 6 reflective wavelength bands of 30 meters spatial resolution, 1 thermal band of 60 
meters resolution and a panchromatic band of 15 meters resolution. The 3-arc SRTM-
DEM data on 90 meter spatial resolution for Manipur region was also downloaded from 
website http://srtm.csi.cgiar.org/ The Shuttle Radar Topography Mission is an 
international research effort that obtained digital elevation models on a near-global scale 
from 56 °S to 60 °N, to generate the most complete high-resolution digital topographic 
database of Earth to date. SRTM consisted of a specially modified radar system that flew 
onboard the Space Shuttle Endeavour during the 11-day mission in February 2000.The 
Landsat ETM+ and SRTM-DEM are already geometrically corrected. The SRTM-DEM 
has many voids (data gaps). These voids were removed using the Preprocessing techniques 
that include the sink removal with the help of SAGA 2.0. The generation of FCC, ratioing 
pseudo images and principal component analysis were processed using the Geomatica 
9.1.0. The enhanced featured in various images were compared with geologicalT 
: A N ,{^^ 
42 
and the portrayal of geologic units and structures on a map or other display media in their 
correct spatial relationship with one another. Landsat images covering large areas with 
multispectral data have been effectively used in geological science. Lithological mapping 
has been successfully carried using multispectral optical Remote Sensing data in arid and 
semiarid areas (Sarkar and Kanungo, 2002; Yalcin et al., 2002, Yalcin, 2005). Different 
spatial informations such as land cover, hydrology and Digital Elevation Model (DEM) 
integrated in a GIS allows interpretation and analysis of geomorphologic features more 
precisely and conveniently. 
In the present work, the geological, topographic and structural characteristics of the 
study area have been evaluated using the digital image processing techniques such as Band 
Ratioing, Principal Component Analysis (PCA) and generation of False Color Composites 
(FCC). The aim of image enhancement is to improve the visual interpretability of an 
image by increasing the apparent distinction between the features on the land (Rigol and 
Chica-Olmo, 1998; Sabins, 2000). Specifically, Landsat ETM+Band 5 (TM5) has been 
used in the delineation of geological discontinuities. Besides, FCC has also been generated 
using band ratio images of TM1/TM4, TM1/TM5 and TM1/TM7, which have helped in 
the identification of geological features. These band ratios are used in this qualitative 
study of the geology of the study area because the spectral variance is widest in ETM 
bands 5 and 7 and narrowest in bands 3 and 7. The color composite of TM4, TM5 and 
TM7 are considered informative. These bands i.e. band 4, band 5 and band 7 contain 
geological informations particularly, the band 7, and are useful for geological studies. 
Lithological units can be distinguished by their different contrast and color tones (Reis et 
al.2007). ( Y ^ 
Nevertheless, the results of a digital image analysis always require a^ljorough | 
ground check in selected areas in order to evaluate the accuracy of the interpreted ftiap. 
41 
Brief Geological-Geomorphological and Land-use/Land-cover 
Impact Studies: Remote Sensing based approach ^^-<fc>.--^„ 
^ 
3.1GeologicaI-Geoniorphoiogical studies: UH A IK M A N 
Denattnv ' C e^clog; 
In geological studies covering large areas, recognizing the discmttmuities and, ^ ;^  jj }-
determining the relationship between them is very important. Remote Sensing and 
Geographical Information System (CIS) techniques are used for this purpose in various 
studies. Remote sensing is the technique of obtaining information about objects through 
the analysis of the data collected by special instruments that are not in physical contact 
with the objects of investigation (Campbell, 1996; Lilies and Keifer, 2000). GIS is a 
powerful set of tools for collecting, storing, retrieving, analyzing, integrating and 
displaying spatial data from the real world for a particular set of purposes (Heywood, 
1998; Yomtalioglu, 2000; Longley et al.. 2001). It is possible to obtain data about an area 
at a faster rate by using Remote Sensing and then storing the data and analyzing those 
using statistical and mathematical criteria with the help of GIS. So, there is a close link 
between Remote Sensing and GIS technologies. In contrast, to the conventional methods 
of time consuming geological fieldwork with its expensive and complex logistics. Remote 
Sensing techniques offer efficient, faster and low cost applications to supplement the 
preliminary geologic-geomorphologic investigations. As a result of the technological 
developments there have been some radical changes in the technology of preparation of 
geological and geomorphological maps through time. 
The satellite images are a unique resource for geological, geomorphological, global 
changes research and applications in agriculture, forestry, regional planning, education and 
national security (Goward et al., 2001; Reis, 2003). Geological mapping involves the 
identification of landforms, rock types, and geological structures (folds, faults, fractures) 
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2.5- Soils 
The soils occurring in Maipur can be broadly divided into two types- residual and 
transported. Both these types of soils are found in the valley as well as the hills of the 
state. 
The soils occurring in the Imphal valley are mainly transported soils. The transported soils 
are of two types- alluvial and organic. Precisely, the soil of the Imphal valley is 
transported alluvial soil. This soil has clayey warm texture and grey to pale brown colour 
and contains good proportion of potash and phosphate, a fair quantity of nitrogen and 
organic matter and are less acidic (Dinachandra, 2001). 
The soils occurring on the valleys and flood plains are also deep to very deep, 
poorly to moderately well drained and derived from shale and siltstones. The texture 
varies from fine to very fine and classified as Typic and Mollic Haplaquepts. The ground 
water table is generally high. The seasonal fluctuation of the piezometric surface of the 
ground water table keep the valley land under water stagnation mainly during the rainy 
and post-rainy period. 
2.6- Weather and Climate 
The climate of Imphal valley is sub-tropical to temperate. But there is appreciable 
spatial variation with contrasting weather conditions in various seasons. Highest 
temperature of about 30°C-35°C is recorded during south-west monsoon and minimum 
average temperature of about 4°C is recorded during winter (December-January).The 
average annual precipitation varies fi-om 1500 mm tol750.8 mm (normal, 1419.5mm ) 
with maximum intensity during July-August, But, since rainfall is associated with 
monsoon, there is irregularity in seasonal rainfall. 
Cold weather can be experienced even in the month of February but in the month of 
January, which is the coldest, the temperature in Imphal is between 4° and 20° Celsius. 
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Sometimes the temperature goes down to below freezing point and there is fog and mist 
in the morning hours during winter. The summer season starts with sudden increase of 
temperature, vanishing fog and occasional thunder showers. The early part of this season 
is the pleasant 'spring' season. The rainy season is associated with heavy rainfall, 
widespread cloudiness, high humidity and invariably surface winds. The rains herald the 
beginning of the agricultural activities. The retreating monsoon season is marked by the 
gradual decline in rains, clear sky, short duration morning fogs and fair and pleasant 
weather besides bright sunny days and cool pleasant nights. 
Overall, a year in Manipur can be broadly divided into four seasons. The summer 
season begins with early March and extends up to May, and then the rainy season starts 
by mid-May up to September. October and November are the retreating monsoon 
months and the period from December to the end of February is the winter season. The 
winter and summer seasons are dry while rainy and retreating monsoon seasons are wet. 
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geomorphological, soil, and structural maps of the region. The SRTM-DEM is used for 
generating the longitudinal elevation profiles, streams, and relative drainage density and 
lineaments maps of the valley using Hydrological Analysis module of GIS software the 
Geomatica 9.1.0. Whereas the elevation map, slope map and aspect map were prepared 
using SAGA v.2.0, a free GIS software. 
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1 
2 
3 
4 
5 
6 
7 
8 
MSS 
.5-.6 ^m green 
.6-. 7 [im red 
0.7-0.8 urn IR 
0.8-1.1 ^imlR 
TM 
.45-.52 ^m blue 
.52-.6 ^m green 
.63-.69 |am red 
.76-.9 ^m NIR 
1.55-1.75 ^mSWIR 
10.4-12.5 nmTIR 
2.08-2.35 ^m SWIR 
ETM+ 
.45-.52 p,m blue 
.53-.61 |im green 
.63-.69 |im red 
.75-.9 nm NIR 
1.55-1.75 ^m SWIR 
10.4-12.5 lamTIR 
2.1-2.35 ^m SWIR 
.52-.9 i^m panchromatic 
3.1a. Band characteristics of the Landsat data 
IR = infrared; NIR = near infrared; SWIR = short wavelength infi-ared; 
TIR = thermal infrared (long wavelength); and ^m = micron or micrometer 
3.1b. Data set 
Serial No. 
1 
2 
3 
sources used for the study 
Satelite data 
Landsat MSS 
Landsat TM 
Landsat 
ETM+ 
Path 
135 
135 
135 
Row 
43 
43 
43 
Spatial 
Resolution 
79 meters 
30 meters 
28.5 meters 
Date 
September 
1979 
November 
1990 
October 2000 
45 
3.1.2 Results and Discussion 
In present study, the geological, geomorphological, topographic, structural and 
pedological characteristics of the hnphal valley have been assessed using the digital image 
processing techniques such as band ratioing, PCA and generation of FCC. These 
techniques have been used in enhancing the visual interpretability of image by increasing 
the apparent distinctiveness among various features on the land. It is widely recognized in 
various research works related to geological mapping and structural analysis. The Landsat 
ETM + band 5 have been used in delineation of geological boundaries. The FCC which are 
prepared based on ratio bands of 1/5, 1/7 and 1/4 have helped in delineating the geology, 
while FCC based on first three components derived from PCA helped in delineating 
pedological characteristics in the ai'ea. Remotely sensed data can be used for geological 
mapping. Geological features, particularly lineaments, are readily picked up and can be 
interpreted even for forest covered area as well as for large and inaccessible areas. 
Remotely sensed data such as that of Landsat data can be used for locating new in addition 
to previously known features as well as different lithologies on the basis of spectral 
contrast. Use of Landsat band ratios for geological mapping were done by workers like 
Sultan et al.l987), Qari (1991), Zumsprekel and Prinz (2000), Bista (2004), Reis et al. 
(2007) etc. 
The SRTM-DEM and its derived attributes are widely used in this study to delineate the 
major geological features such as fauhs, slope and major geomorphic units. SRTM-DEM 
and the RGB 1, 2, 3 wrapped image is used for visualizing the natural environment in the 
valley. The utilities of various image techniques and their output have been discussed in 
details. 6^'-'^ l^ch^^r,,-. ^  
< ^ 
CHAIRMAN 
Qep:- tfCcolosy 
A. ^L O., ALIGARH 
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Band Ratioing 
Band ratioing is a process by which the brightness values of pixels in one band are 
divided by the brightness values of their conesponding pixels in another band in order to 
create a new output image (Campbell, 1996). These ratios may enhance or subdue certain 
attributes found in the image, depending on the spectral characteristics in each of the two 
bands chosen. Band ratio ing reduces shadow and brightness from slopes and-aspects of 
topography or seasonal changes of solar illumination intensity (Walsh et al., 1990). In 
addition, spectral band ratioing is a proven technique in lithological discrimination, 
especially in hydro-thermally altered areas and in rocks containing limonite or hydroxyl 
minerals and also for separating soil and vegetation (Guha and Venkataraman, 1992; 
Campbell, 1996). The dual bands ratioing, ETM+ 2/4, ETM+ 5/3 and ETM+5/7 were also 
used to delineate the geological units. In this study the bands 2/4, 5/3 and 5/7 were 
prepared and detailed visual interpretation of these images show number of observations. 
FCC of ratio images of band 1/ band 7 (red), band 1/ band 5 (blue) and band 1/ band 4 
(green) were also used to delineate different lilho-unils in the Imphal valley. 
1. The pseudo image of the band 2/4 shows contrast between Barail Sandstone, 
Disang Shale and the valley Alluvium (Fig.3.1). 
2. The gray image of the band 5/3 shows contrast in piedmont and valley Alluvium 
(Fig. 3.2). 
3. The pseudo image of the band 5/7 shows contrasts in different lithq-units in valley 
(Fig 3 3) i)Vi|o«'rl^i/^ ' ^ ' Q o t ' 
CHAI-KM^AN 
Oepartment of Leologj 
A. M. U., AUGARH 
•3 i-n •=«. r) 
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Fig. 3.1: Pseudo image of hand 21A shov/ing contrast betweej; Barail sandstone, Disang 
shales and Vallev alluvium 
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Fig. 3.2; The gray image of the band 5/3 showing contrast between piedmont (marked^) 
and Imphal valley alluvium. 
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Fig. 3.3: The pseudo image of ihe band 5/7 showing contrasts between different Utho-units 
in the Iraphal valley. 
50 
ig shales 
10 
Fig. 3.4: FCC image of bard 1/ band 7 (red), band 1 / band 5 (blue) and band 1/band 4 
(green) of showing con;ru.-;ts between chTerent litho-units in the Imphal valley. 
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Principal Components Analysis (PCA) 
PCA is used to compress multi-baiid image data by calculating a new coordinate system, 
so as to condense the landscape variance in the original data into a numbers of variables, 
which arc called principal components. Principal component transformation is a common 
means of reducing dimensionality in multivariate data. PCA permits the capture of 
variability in multivariate measurements while at the same time reducing dimensionality 
from ETM+ data (Qari, 1991). 
To obtain the maximum benefit from the multi-spectral bands, PCA was applied to 
data from ETM+ bands. The original set of images was transformed into a new set of 
output images that are least correlated. 
The PCA utility of the Geomatica 9.1.0 is performed using 6 ETM+ Landsat optical bands 
and thermal bands were exchided and results were produced as 6 images as components. 
These components explain about 77% of the total variance in the data. The first three 
components explain about 66% of the total variance. PCA-1 helps in identifj'ing 
surrounding rocks, valley alluvium, ponds, lakes and swampy areas around lakes. PCA-2 
represents high reflectance area dominant with high concentration of sand along major 
rivers and Eastern Hills, PCA-3 represents townships and area around Loktak Lake region 
and its sunounding. The difference in topography makes the identification very easy. 
PCA-4 shows the lineaments, structural features and urbanized areas, PCA-5 represents 
the silted portion or muddy water. Three PCA images (PCA-1, PCA-2, and PCA-3) were 
combined to form an FCC assigning PCA-1 as red, PCA-2 as green and PCA-3 as blue. 
This FCC presents a broad pedological discrimination. On the ground, soils occurring in 
the study area in the Imphal valley are mainly transported soils. These soils are deep to 
very deep, poorly to moderately well drained and derived mainly from shale and siltstones. 
The ground water table depth is generally low and keeps some parts of the valley land 
under water stagnation mainly during the rainy and post-rainy period. The main types of 
soil signatures observed are 
i) deep, poorly drained fine silty and clayey soils on gently sloping valley 
jep, very poorly drained fine soil with clayey surface on the nearly 
arshy lands. 'i>t-'f 
Thus, types of the soil in the valley can be differentiated (fig.3.5). 
ii) de i level valley and yi " ^ 
iii) m 'i>vf-£-cJr'^-^^y^'Z^^ 
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Fig. 3.5: FCC image of PC A-' (Red), PCA-2 (Blue) and PCA-3 (Green) of the Imphal 
vi;: «;> biiowing different soil types. 
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Elevation profile of the study area 
The elevation map generated from the SRTM data of the Imphal valley and its 
catchment area shows that the maximum and minimum elevation is 760 m and 2357m 
above msl. However, the mean elevation and the relief of the catchment area is 984 m and 
1560m above msl respectively (Fig. 3.6).The low elevation areas are represented by the 
valley where as the high elevation areas are represented by the hillocks within the valley 
and the hills surrounding the valley. The Imphal valley is almost flat and does not show 
much variation in the elevation. The elevation range in the valley varies from 760m to 
937m above msl. However there are many hillocks present in the valley which show 
elevation as much as 1800m above the msl and these hillocks are exposed mostly in the 
northern and southern sides of the valley. These small hills follow NE-SW trend and they 
are called as structural hills in the literature. The mountain ranges that run parallel with the 
valley on both western and eastern sides have the maximum elevation of 2357m above the 
msl. 
Two longitudinal profiles were generated across the valley along profile sections A 
& B in the DEM of the Imphal valley and parts of its catchment (Fig.3.6) and are shown in 
Fig. 3.7a & b. These longitudinal profiles revealed three main altitude levels in the valley. 
The lowest altitude is in the valley and second and third altitude level in eastern side of the 
valley which are separated by the hill and small hillocks in the region. 
The slope map of the Imphal valley and its catchment area is also extracted based 
on SRTM-DEM (Fig.3.8), which shows that the slope of the area varies from 0 to 63°. 
Further the slope has been subdivided into five equal classes viz; very gentle (0 to 13°), 
gentle (13 to 25°), moderate (25 to 38°), steep (38 to 50°) and very steep (50 to 63°) slopes. 
Major part of the valley has very gentle slope (0 to 13°), whereas the isolated hills present 
in the valley and the surroimding mountains has moderate to steep slopes. These areas 
show the slope ranging from 25 to 50°. The area which is very adjacent to the valley 
scattered in the whole catchment area shows gentle slope (13 to 25°). However the north-
western and south-eastern parts of the catchment area show very steep slope (50 to 63°). 
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Fig. 3.7b: Longitudinal profile of Imphal valley (Profile B). 
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Fig. 3.8: Slope map of the Imphal valley and parts of its catchment area. 
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The SRTM-DEM was used for extracting drainage and watersheds in the valley using 
Geomatica 9.1.0 hydrological module. The relative drainage densities in the watersheds 
were computed using drainage and watershed layers. Based on relative drainage density, 
the watersheds were divided into three types, high, medium and low. The spatial variations 
of these classified watersheds are shown in fig.3.9. In the figure the watersheds along the 
Imphal River at entry point in the northern side of the valley indicate continuous clusters 
of watersheds with high drainage density. These points in the PCA based FCC shows as 
big piedmont along the Imphal River the northern part of the valley. The formation of this 
big fan deposit is related to the faults cutting across the Disang litho-unit at this point. 
The drainage pattern is generally modified due to the presence of small and large-
scale structures as observed (Fig.3.10). Drainage layer in the main valley was examined to 
locate the modified drainage system. It shows that, at few places in the western part of 
valley, drainage has been modified along the fault in western side of the valley. 
The SRTM-DEM was also used for extracting major lineaments in the valley 
(Fig.3.11). The direcfion of the lineaments ranges from 53° to 322'^  to true north with an 
average of 183° to true North. The slope ranges from 14° to 63" with an average slope of 
43°. Lineaments show spatial variation in direction. In the western side they are NE-SW 
trending, while in south-eastern side, the lineaments are NW-SE trending. The south-
eastern part of the valley indicated a swing in the direction of lineaments direction and 
they follow the northern prolongation direction of the Indonesian Island, which has a 
westward convexity. The south-eastern part of the valley forms a part of the lower part of 
this convex system. 
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Fig. 3.9: Drainage density, fan deposit and fauits along the Imphal River in the nonheni 
pait of the Impiiai valley. 
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Fig. 3.10: Modification of the drainage system due to the location of fault. 
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Fig. 3.11: Pattern of major lineaments in the [nnhal valley surrounding areas derived from 
DBVf. 
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3.2 Land-use/Land-cover Change and Impacts on Ecology and 
Human Health 
The activities of human beings through land-use practice generate both positive 
benefits (increase in food and fiber production) and negative costs (land degradation, soil 
erosion, water pollution, species extinction, global warming etc). Over the past three 
centuries, particularly over the last three decades, land-use/land-cover changes have seen 
increase in magnitude, pace and geographical reach and may go beyond the recovery 
capacity of the ecosystem (Lambin and Geist, 2006). Human health is directly and 
indirectly affected by land-use. It affects flora and fauna, contributes to the local, regional 
and global climate changes. 
Land-use is the primary source of soil, water and land degradation (Sala et al., 
2000; Pielke, 2005; Sthiannopkao et al., 2007). Altering ecosystem leads to large-scale 
land degradation, changing the ecology of diseases that influence human health and 
making more vulnerable to infections (Collins, 2001). Risks to human health are also 
increased by toxicological risks resulting from the bio-accumulation of toxic substance 
though regional and global environmental degradation (Rapport et al., 1998; Damerud, 
2003) and disease outbreaks resulting from disruptions of species dynamics in disease 
control (Berrang, 2006). Such changes in part determine the vulnerability of coupled 
human-environment systems to climatic economic or socio-political perturbations (Turner 
et al., 2003; Ezzati et al., 2002). Land-use decisions are, hence, human health decisions 
(Xu J et al., 2007). Understanding land-use transition is crucial because the most profound 
impacts on human health occur doing transition between different land-use states (Mustard 
et al., 2007). Settlement and agricultural activities in and around the reclaimed wetlands 
and forests lead to edge effects, which promote interactions among pathogens, vectors and 
hosts. 
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Impacts on health of each land use change should be assessed within the context of 
other concomitant environmental changes such as rapid urbanization, migration and 
increasing mobility due to various reasons movement of production, resource exhaustion 
and pollution (Xu J et al, 2007). 
Ecosystem and human health issues have long been a focus for research and 
development around the globe. The ecosystem and health relationship can be measured by 
indicators of environmental health-risk exposure, human morbidity, sustainability (Cole et 
al., 1998; Rapport and Singh, 2006). The critical linkage between land-use/land-cover 
change and human health risks in the study area was developed in this study, so that a 
responsive strategy can be developed by the trans-disciplinary scientists and policy 
makers. 
The population of the Indian Himalayas is heavier in its valley regions. The same trend is 
observed in one of the intermountane valley of the NE Himalayas, in the Imphal valley in 
Manipur. Ninety percent of the state is mountainous, while the valley of Manipur, the 
Imphal valley, occupies only 10% of the total geographical area of the state. However, 
roughly more than half i.e. 61.54% of the state's total population is concentrated in the 
valley while the rest i.e. 38.45% of the population occupies 90% area of the state 
(Statistical Abstract of Manipur, 2007). The land-use map of the Imphal valley along with 
the catchment area is given in fig.3.12. 
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(after DinacaJra , 2001). 
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In Manipur, development activities in recent years are mostly taking place in the Imphal 
valley due to better accessibility and the availability of better facilities and infrastructures 
as compared to the hilly region. So, migration towards valley area, especially to the capital 
city, Imphal is increasing. The Imphal city is growing rapidly but the infrastructure 
development of the city is pathetic, so it is not enough to cop with the demands of the 
increasing population. Congestion problem is faced in the Imphal city as in many other 
cities in the valleys of the Indian Himalayas. 
Materials and Method 
Satellite imageries of multiple scenes and the demographic details obtained form 
various secondary sources and subsequent field checks forms main data sources and 
methodology for this study. The geo-referenced satellite imageries of Landsat series were 
used for detecting the urban expansion and area! variation of the open water surface of the 
Loktak Lake and its surrounding marshy and swampy areas during last three decades 
using Landsat-MSS acquired in 1979, Landsat-TM acquired in 1990 and Lansat-ETM+ 
acquired in 2000. This Landsat data is made available under the NASA Space sponsored 
GLCF and acquirable from the Muhi-resolution Seamless Image Database (MrSID) 
maintained by NASA at http://zulu.ssc.nasa.gov/mrsid. The satellite imageries were 
studied in the GIS environment using Geomatica V.9.1.0 as well as visually interpreted for 
delineation of the urban sprawl and the changes in the open water body of the Loktak Lake 
and the surrounding swamps. 
The demographic details were obtained from different Census records of India. 
The health condition data of the Imphal valley was collected from the Medical Directorate, 
Government of Manipur. Microsoft Excel Program was used to conduct the various 
statistical analyses. 
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Results and Discussion 
With increasing population, there is corresponding change in the dynamics of land-
use/land-cover. The Imphal valley is more densely populated than the hilly region. So, 
change in land-use/land-cover dynamics is more pronounced in the valley. Two aspects of 
changes are very important. They are: 
1. Change in the built-up area of the Imphal city 
2. Change in the areal extent of the open water body of Loktak Lake. 
The areal changes can be seen from the Lansat imageries of the urbanization and open 
water body of the Loktak Lake taken during different times. The present study was aimed 
at these two aspects of the land-use/land-cover dynamics because these two aspects have 
the most important bearings on the environment and health conditions of the people in the 
valley. 
1. Change in the built-up area of the Imphal city 
Remote sensing technique has been found applicable widely in many fields such as 
geology, geomorphology, surface water mapping, watershed surveys, groundwater 
mapping, land-use/land-cover mapping, envirormient studies, forest mapping, water 
quality and structural mapping etc (Trivedi et al., 2006). With the advent of remote 
sensing techniques, the study of large area has been made easier. 
For the present study, series of remote sensing satellite data obtained through 
Landsat imaginaries of 1979, 1990 and 2000 were accessed. From the imageries, it is 
visually observed that the built up areas in the valley especially around Imphal city is 
increasing due to the ever increasing in the population including migration from 
surrounding areas for economic and socio-political reasons. The table given below shows 
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the change in the Imphal area along with the changing population in the three decades 
from 1979 to 2000. 
Table-3.2: Built-up area against population from 1979-2000. 
Year 
1979 
1990 
2000 
Built-up area 
(Km') 
4.29 
19.02 
27.04 
Population (in Census years) 
431773 
711261 
839258 
The urban sprawling data obtained through Landsat imageries during 1979, 1990 
and 2000 give the areal extent of the Imphal city is as 4.29km' in 1979, 19.02 W in 1990 
and 27.04 km' in 2000 (Fig.3.13a) and the corresponding population of the Imphal city 
was 431773 in 1971, 711261 in 1991 and 833312 in 2001. The nature of urban sprawling 
is the mixed type with the ribbon and leap-frog sprawl types dominating. The northward 
extention of the settlement in the Imphal valley is restricted due to the presence of 
mountains so, built-up areas expand mainly in the south and south-western sides of the 
valley. 
2. Change in the areal extent of the open water body of Loktak Lake 
There is also significant change in areal extent of the open water body of the Loktak Lake 
(see fig.3.13b). The areal extent of the open water body of the Loktak Lake obtained 
through Landsat imageries in 1979 is 51.29 km'. But the areal extent water body increased 
to 65.57 km' in the 1990 and 71.73 km' in 2000 as shown in the table 3.3. 
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Table-3.3: Open water body area from 1979-2000. 
Year 
1979 
1990 
2001 
Open water area ofLoktak(Km') 1 
51.29 
65.57 
71.73 
The increase in the areal extent of the open water body of the Loktak Lake is due 
to the transformation of Loktak Lake into a permanent reservoir since the commissioning 
of Loktak Hydro Electric Power Project (LHPP) in the year 1983. For proper functioning 
of the LHPP, it is required to maintain working water level of 768.5m above the mean sea 
level (msl). The working water level in the lake is maintained largely by routing the water 
of the two rivers, Imphal River and Khuga River into the Loktak Lake through the 
Khordak channel by constructing the Ithai Barrage in the downstream direction of the 
confluence of these two rivers, in the south of Keibul Lamjao. The Keibul Lamjao is an 
important National Park which houses the world renowned yet very rare and endangered 
deer species, the Brow Antlered Deer, {cervus eldii eldii) known locally as Sangai. Thus, 
the commissioning of LHPP in 1983 made the Loktak Lake into a permanent reservoir. 
The impoundment of water in the Loktak Lake resulted in spread of water over 
larger areas in the vicinity of the lake. It leads to the inundation of large area of cultivable 
agricultural land, about 20,000-80,000 hectares, around Loktak Lake (Ibomcha, 1993), 
largely on its eastern side. The lake area used to fluctuate from 55 km^ during the dry 
season to 300 Km^ during rainy season (Tombi, 1992). But since the construction of Ithai 
barrage and the commissioning of the LHPP in 1983, Loktak Lake has become a man-
made reservoir. This transformation of the lake has also affected the sinking and floating 
cycle of the wild vegetation mat, locally called 'phoomdis'. The phoomdis used to sink 
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during dry season and thus come into contact with soil. This process facihtated the fresh 
growth of vegetation including Kambong, zizania caduciflora, the natural plant-feed of the 
Sangais. However, as the lake has turned into man-made reservoir, the phoomdis have 
become permanently floating vegetation mat except near the shallow shore, hindering the 
growth of the wild vegetation. The lack of the growth of kambong affects the population 
of the already endangered Sangais, which feed on the kambong. The Sangais started 
straying to the populated areas in search of their feed and thus, they are exposed to 
hunting. Thus the endangered deer is subjected towards gradual dwindling of numbers and 
slow extinction. 
Relationship of Land-use/Land-cover pattern and communicable 
diseases 
Manipur is considered as an industrially virgin area. But there are conspicuous 
changes in the land-use/land-cover patterns due to the ever-increasing population and 
related anthropogenic activities. The developments are having degradational impacts on 
the environmental and health conditions of the people. The Imphal valley which is densely 
populated has its limit to northward urban expansion for settlement due to the presence of 
isolated hillocks. Due to this, there is pronounced expansion the southern and south-
western part of the valley. But the southern part of the valley also features Loktak 
Lake along with many marshy and swampy areas which are scattered around the lake. The 
lake is situated about 48 kms. away from the Imphal city area. 
The land use pattern in the valley area suggests that the expansion of settlement 
and related activities in the formerly marshy areas and swamps through reclaimation 
without proper plaiming for sanitation and infrastructure developmental creates ecological 
imbalance as well as unleashed a slew of health related problems. Common health 
problems are in the form of many water- and air-borne communicable diseases like 
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Diarrohea, Cholera, and respiratory infections like Tuberculosis, Influenza etc. Table 
below gives the normalized district-wise prevalence of some common diseases in Manipur 
based on 2001 data (also see Appendix I). 
Table-3.4: Normalized district-wise prevalence of diseases in 8 districts (2001) of 
Manipur State and their relationship with land-cover. 
Name of the 
District 
Thoubal 
Imphal 
Bjshenpur 
Ukhnil 
Chandel 
Churachpur 
Sciiapati 
Tamenglong 
.\DD 
3,659 
0,802 
1,166 
0,652 
0,486 
0,399 
0,218 
0,307 
ARI 
3,926 
0,588 
1.123 
0.616 
0,520 
0,514 
0,102 
0.290 
Diseases 
Piieii 
0,168 
0,033 
0.072 
0,114 
0,022 
0.027 
0,011 
0,000 
EF 
0.850 
0,072 
0,025 
0,045 
0,091 
0.019 
0,017 
0,088 
TB 
0.006 
0,025 
0,015 
0,033 
0,054 
0,049 
0008 
0.011 
VH 
0,086 
0.012 
0.017 
0.008 
0,022 
0,065 
0,020 
0,012 
Total 
8.695 
1,532 
2,417 
1.469 
1.195 
1.073 
0.376 
0,707 
Population 
366341 
833312 
305907 
140946 
122714 
228707 
279214 
111496 
Populatio 
n density 
713 
679 
415 
31 
37 
50 
116 
25 
Physiography 
valley,plain 
valley.plain 
valley.plain 
hilly area 
hilly area 
hilly area 
hilly area 
hilly area 
Water 
bodies 
many 
many 
many 
few 
few 
few 
few 
few 
ADD Acute Diarrhea diseases including Gastro-enteritis and Cholera 
ARI Acute Respiratory' infection including Influenza 
Pneu Pneumonia 
EF Enteric Fever 
TB Tuberculosis 
VH Viral Hepatitis 
Table shows the total health condition data of Manipur state for the year 2001, 
along with the data of the Imphal valley districts (Thoubal, Imphal and Bishenpur). It is 
seen from the table that some of the most common diseases prevalent in the state are 
Acute Diarrhea Diseases (ADD), Acute Respirator}' Infections (ARI), Pneumonia, and 
Enteric fever. Table shows the normalized percentage of infection of communicable 
diseases in Manipur based on the district wise diseases and population data of 2001. For 
the districts in the Imphal valley the infection percentage is 3.682 for ADD, 3.950 for ARI, 
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0.169 for Pneumonia, 0.855 for Enteric Fever, 0.086 for Viral Hepatitis and 0.006 for TB 
in Thoubal district. For Imphal district the infection percentage is 0.797 for ADD, 0.583 
for ARI, 0.032 for Pneumonia, 0.071 for Enteric Fever, 0.012 for Viral Hepatitis and 0.025 
for TB. For Bishenpur district, the infection percentage is 1.711 for ADD, 1.648 for ARI, 
0.105 for Pneumonia, 0.036 for Enteric Fever, 0.025 for Viral Hepatitis and 0.022 for TB. 
Based on the above results, in the Imphal valley, it is found that, the prevalence of 
communicable diseases are felt more acutely in Thoubal (highest) and Bishenpur (second 
highest) districts as compared to the Imphal district even though Imphal district has the 
largest population. The reason for difference in prevalence rate is the difference in the 
land-use/land-cover pattern among these three districts. Thoubal district vs'ith the highest 
population density has the highest number of scattered lakes, marshes and swamps 
covering about 17216 hectares of total area of the district. Bishenpur district has 24139 
hectares of its total area under lakes and marshes, major chunk of the area being that of the 
Loktak Lake. Imphal district has only 957 hectares of its total area occupied by the 
wetlands. 
Also, most of the people in Thoubal and Bishenpur districts are engaged in 
agriculture, fishing and handloom cottage industry. The people in these two districts are 
exposed to the scattered marshes and swamps which form repository of the vectors which 
cause water- and air-borne communicable diseases like malaria, diarrhea, influenza and 
tuberculosis etc. Thus, Thobal and Bishenpur districts of the Imphal valley have greater 
prevalence rate of communicable and other diseases. 
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3.3 Shifting Cultivation (Jhum) and its impact in the study area 
Shifting field cultivation, known locally as jhum cultivation may be defined as any 
agricultural system in which fields are cleared by firing and are cropped discontinuously 
(Conklin, 1969). It implies an aimless, unplanned nomadic movement or an abrupt change 
in location, either of which may refer to the cropping areas, or the agriculturists or both 
but mainly characterized by rotation of fields rather than of crops, by short period of 
cropping alternately followed by longer periods of fallow and clearing by slash and bum 
means. Jhum cultivation was the first form of agroforestry in Asia, as well as in most 
tropical parts of the world like Indonesia, Thailand, Brazil, Papua New Guinea, Peru, 
Chile, Amazon Basis, South West China, Korea etc. Jhum cultivation is closely linked 
with the socio-cultural values that are central to the lives and livelihood of the shifting 
cultivators and their communities (Shifting Cultivation: Towards Sustainability and 
Resource Conservation in Asia, 2001). 
Though shifting cultivation is the most primitive form of agriculture , the socio-
cultural relevance of the this practice to the cultivators, over and above the climate, the 
terrain, the food habits, their self reliance and their desire to stay close to the nattire is 
perpetuating the practices till date amongst the tribal people in various pockets of the 
world. In India, jhum cultivation is practiced mainly in NE India comprising Assam, 
Manipur, Meghalaya, Nagaland, Tripura, Arunachal Pradesh, and Mizoram and also in 
Andhra Pradesh, Bihar, Madhya Pradesh and Orissa. 
In the present day, jhum cultivation is associated more with the maladies namely 
resources and environmental degradation, low productivity, tendency to encourage large 
family size and little or practically no scope for application of improve agricultural 
production technology. 
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In the state of Manipur too where around 90% of geographical area is occupied by 
hills, jhum cultivation is widely practiced mostly by tribal people living in the hills like it 
is practiced in different parts of the tropical world (Sachidananda, 1989).This is because of 
the cut off most of the tribal from the mainstream economies due to the inadequate means 
of transport and communications. The percentage share of jhum area of the hill districts, 
out of the total geographical area occupied by jhum cultivation in Manipur is given in the 
following table. 
Table-3.5: Percentage jhum area of the hill districts of the total jhum area in 
Manipur. 
District 
Senapati 
Tamenglong 
Churachandpur 
Chandel 
Ukhrul 
Area under jhum 
(in '000 Ha) for the 
year 2001 
2.74 
10.49 
10.55 
6.53 
12.16 
Percentage of the total 
jhum area in Manipur 
6.45 
24.7 
24.84 
15.38 
28.63 
Source: Dept. of Economics and Statistics. Report on crop estimation survey, 
Manipur, 2001. 
For jhum cultivation, cultivators select steep slopes of the hills. Then, they cut and 
bum the forest vegetation and large number of crops like upland paddy, is grown in 
mixture with maize , beans , tapioca , banana, sweet potato, ginger, tobacco, seasamum, 
chUies, pineapples and vegetables as well. The shifting cultivators hardly have any 
inclination to produce a surplus in settled or wet cultivation as there is no marketing 
facility in the hill areas. Due to complete absence of irrigation facilities or due to the 
inadequacy of them, they can neither use fertilizers nor switch over to wet or settled 
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cultivation. Per acre return is also very small as only low valued crops are cultivated 
through shifting cultivation (Sachidananda, 1989). Still shifting cultivation is being 
practiced in the north-east because there is no other alternative in most of the villages in 
the hills in the north-east India (Saikia & Kalita, 1979) of which Manipur forms a part, 
because of their geographical settings. 
The Imphal valley is surrounded on all sides by the hills of Manipur. In the valley, 
jhum cultivation is not the main agricultural practice but in some of the isolated hillocks, 
jhum cultivation is practiced by the inhabitants (fig.3.14). 
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Fig. 3.14: Jhum cultivation area in Imphal valley (adapted from ZASICM, 1997). 
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Jhum cultivation, in present context has become not only unproductive but also 
hazardous to the environment. Jhum cultivation in the hills surrounding the Imphal valley 
and isolated hillocks within the Imphal valley is affecting the ecological/environmental 
conditions of the Imphal valley. This is because jhum cultivation is done after clearing the 
forest and vegetation cover of the surrounding hills. The deforestation is achieved through 
slash- and- bum method where vegetation cover is first cut down and bum later (see 
Photographs .3.1a and b). Jhuming entails apart from losing the vegetation, forest cover 
and biomass, many other ecological factors too are affected thus, leading ultimately to 
environmental degradation. Other attendant problems of the jhum cultivation on the hill 
slopes, namely erosion of the top soil of the barren hills, down stream sedimentation and 
raising of the beds of the important rivers and streams of the Imphal valley which mostly 
originate from the surrounding hills, sedimentation and siltation of the bottoms of the 
Loktak Lake and other smaller lakes in the valley directly or indirectly affect the 
environmental/ecological conditions of the study area. 
Deforestation through cutting and burning of trees and forests forms an integral 
part of jhum cultivation. This deforestation leads to many extremely hazardous problems 
in the ecosystem and the hydrological cycle as the disturbance of a particular habitat 
through long misuse is expressed remarkably in the degrees of the collapse of the 
hydrological cycle (Ingty, 1981).Due to deforestation, rainwater flows down without any 
barriers as the absence of trees and forest cover in the hills prevents the infiltration of 
rainwater underground. This causes floods during the rainy seasons due to the lack of 
regulation of the rain water through natural processes of storage and conservation 
facilitated by the forests and trees. The occurrence of floods have become more frequent 
and intense in the whole Imphal valley comprising of all the four districts of Imphal East, 
Imphal West, Thoubal and Bishenpur (Dinachandra, 2001). 
I-;*!, •»~S!ir-jiS" 
4.-;3£iiu-: 
a. Source: SOE Report, 2007 
Photo 3.1a: I'ypical clearing of forest through slash-and-bum as a precursor to jhum 
cultivation. 
4f^ ;;r»->* ^^  
b. Source: SOE Report, 2007 
Photo 3.1b: Typ'ca t.rea under jhiai cultivation. 
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Floods which occurred in 2001, 2002 and 2007 were some of biggest. These floods 
affected all the valley districts of Manipur including the study area and caused heavy 
damaged to the standing crops and houses. 
Drought is not a frequent phenomenon in Manipur. But in 1999, a severe drought 
occurred in the Imphal valley including the study area. There was no water even in many 
important rivers of the Imphal valley such as Thoubal, Iril, Imphal. The Thoubal and Iril 
rivers are fed by the waters in the hills of Uhlrul district. But as a result of the human 
intervention like heav>' deforestation mainly for jhum cultivation and for timber and 
firewood in the hills of Ukhrul district (Bahar-ud-din, 2005). Loss of forest cover due to 
jhum cultivation in Manipur is estimated to be 60.3 thousand hectares during 1995-1997 
(Ranjan and Upadhyay, 1999). 
Jhum cultivation, done in the hills of Manipur also increases the chance of flood in 
the study area in the Imphal valley in the long run, through the downstream sedimentation 
and siltaion of the beds of rivers and streams which originate in the hills. These sediments 
and silts are derived from the erosion of the precious top soils of the barren hills when 
there is heavy rainfall over them during the rainy season. These sediments are deposited 
along the courses of rivers and streams in due course and make their beds shallower. 
When sudden splash of rain comes, these rivers cannot hold the volume of water as their 
carrying capacity is greatly reduced and thus, the rain water intondates the flood plains in 
the valley thus causing frequent flash floods in the Imphal valley including the study area. 
Also, the sediments which are further carried away by the rivers reach the Lokkat Lake 
and its surrounding area. These sediments are deposited there. As a result, the area 
surrounding the lake is made swampy and waterlogged. Inside the Loktak Lake, the 
bottom of the lake is made shallower through higher rate of siltation. This affects the 
proper functioning of the Loktak hydroelectric power project and also leads to the 
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submergence of about 20,000-80,000 hectares of the surrounding cuUivated and cultivable 
lands around the Loktak Lake. 
Thus jhum cultivation directly or indirectly the cause adverse affects on the 
ecosystem of the study area Imphal valley. 
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Summary 
• Integrated remote sensing and GIS techniques with image processing techniques (band 
ratioing, PCA analysis, generation of FCC) and visual interpretation of Landsat ETM+ 
image of Imphal valley and its surrounding area in Manipur, helps in delineating the 
geological units and structures (faults, lineaments), geomorphic units (hills, valley, 
alluvium fan deposits, lakes and other water bodies, swampy areas), differentiating soil 
signatures, drainage textures and modification, slope detemiination and urbanization 
extent mapping etc. 
• Land-use/Land-cover change study using Landsat imageries of different time period 
(1979, 1990 and 2000) along with limited ground verification and official records 
show two important aspects of changes in the hiiphal valley. They are (a) change in 
the built up area and (b) change in the areal extent of the open water body of Loktak 
lake. 
• The buih up area increased from 4.2 km^ in 1979 to 19.02 km^ in 1990 and 27.04 Km' 
in 2000. 
• The extension of settlement is more pronounced in the south east and south western 
part of the Imphal city as northward extension of settlement is restricted due to the 
presence of hills. 
• There is also increase in the areal extent of the open water body of the Loktak lake 
from 51.29 Km' in 1999 to 65.57 km" in 1990 and 71.73 Km" in 2000. The increase in 
the water area was observed after the commissioning of Loktak Hydro-electric Power 
Project (LHPP) in 1983 for which the maintenance of the working water 4evel of 768.5 
m above the mean sea level (msl) is necessary. z>^^f^^i ».?r i2-C^,^ >. * (-.p-^ n 
I..;HA;'-'---^ .- 'N 
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• The expanding open water body of the lake inundates about 20,000 -30000 
hectares of cultivable land and cause problems to food security. Also, the wild life 
species especially the rare Brow antlered deer (Sangai) is endangered. 
• The land-use/land-cover pattern also affects the health condition in the Imphal 
valley. Among the valley districts in the Imphal valley, the Thoubal district which is 
largely agricultural district with maximum area under of scattered swampy and marshy 
areas has the highest prevelance rate for ADD and ARJ. Next comes Bishenpur 
followed by Imphal district in temis of both area under swamps, marshes and 
prevalence of diseases like ADD, ARI.. 
• Shifting cultivation known locally as Jhum cultivation practiced mainly in the 
surrounding hill districts of the Imphal valley is causing adverse environment impact 
in Manipur in general & the Imphal valley in particular. Slash and bum method 
employed before for Jhuming reduces the forest cover. The reduced forest cover 
interrupts the hydrological cycle causing increased frequency of floods with occasional 
draughts. 
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SURFACE WATER CHEMISTRY AND GRAIN SIZE 
CHARACTERISTICS 
4.1 -HYDRO-CHEMISTRY OF THE SURFACE WATER 
Surface water sources provide a ready use for the people living in the vicinity of 
such sources. More often than not people are less careful in maintaining the water 
resources. Over and above the elemental concentrations derived from along the courses in 
the case of the rivers and point sources in case of standing water bodies like lakes and 
ponds, environmental factors including anthropogenic activities in and around them 
contribute to the concentration and contamination by biological and chemical constituents. 
Qualities of such exposed water sources fluctuate readily in case of contamination as they 
are in direct contact with their surroundings. It has been observed that surface water bodies 
especially rivers of the subcontinent show marked spatial variation in sediments and 
dissolved loads primarily in response to the lithology, river bed slope and human 
interferences like cultivation (both sedentary and shifting), deforestation, construction of 
dams and urbanization etc. (Subramanium, 1987, 1993; Singh, 2005). Different workers 
have attempted to identify the change in chemical quality when water is in dynamic 
condition (Chebotarev, 1955; Uprohi and Toth, 1988; Sikdar, 1993). 
Assessing the environmental impact on the quality of surface water of the study area 
will not only help in ascertaining the contributing factors of the hydrochemistry in the 
study area but also in plaiming for the mitigation of the problems as well as in the 
sustainable development of the resources.. 
Materials and methods 
The data base for this study is formed by the result of the physico-chemical analysis of 25 
surface water samples collected during pre-monsoon (March-April) and post-monsoon 
(October-November) of 2006 from different locations in the study area, shown in the map 
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in fig.4.1 (also see Appendix II). Some of the rivers and ponds from where samples were 
collected are given in photograps 4.1 and 4.2 respectively. As already discussed, 85.87% 
household in Manipur use surface water for drinking purpose (2001 census), 
hydrochemical analysis for the major surface water sources namely rivers and community 
ponds is very important so as to determine the hydrochemistry of these water bodies and 
suitability studies for various uses. / ^AA ^^^ 
The water samples were collected in double-stopper polyethylene bottles, which were . 
thoroughly washed with concentrated HNO3 and were later washed com with 
distilled water. Again, respective bottle was rinsed with the water from where sample was 
to be collected. Two sets of samples of 1000 ml each were collected and one set was 
acidified with 10 ml of 6N HNO3 for heavy/trace metals determination. The samples were 
labeled and dated. Temperature and pH were recorded with thermometer and portable 
digital water analysis kit. The kit was calibrated with solutions with pH values 4 and 7. 
The water samples were analyzed for major ions as per the standard methods (APHA, 
1998; Trivedi and Goel, 1984). All major ions except Na and K were determined by 
volumetric method Na and K were detemiined by using Flame Photometer. SO4 was 
analyzed by gravimetric method. The values of electrical conductivity (E.G.) were 
calculated from TDS measurement using division factor of 0.64 (Raghunath, 1987). 
For heavy metal analysis the acidified samples were concentrated upto 100 ml each by 
putting them on the oven. Respective standards were made for each element that was to be 
analyzed. The trace elements in the samples were determined with Atomic Absorption 
Spectrometer, AAA (Perkin Elmer). All the hydro-chemical analyses were done in the 
Geochemistry Laboratory of the Aligarh Muslim University, Aligarh, India. Necessary 
calculations were made with Microsoft Excel Program. SURFER V. 8 software was used 
to determine the spatial variation trends of concentration both the major ions and trace 
elements. 
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Fig. 4.1: Location map of surface water samples (adapted from ZASICM, 1997). 
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b. 
Photo 4.1 a & b: Field photographs of two of the rivers from where water samples were 
collected 
rv \^ . \ ^ 
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^ 
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b. 
Photo 4.2 a & b: Field photographs of two of the ponds from where water samples were 
collected 
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Results and Discussions 
For evaluating the hydrochemical characteristics in the study area the major cations and 
anions were quantified in the surface water samples collected from various important 
rivers and ponds from different locations during the pre-monsoon and post-monsoon of 
2006. The average concentrations of major ions and other parameters are given below in 
table 4.1 (also see Appendix III and IV). Maximum, minimum and overall average 
concentrations along with spatial concentration variation trends and suitability for health 
are also discussed. 
Table-4.1 shows that pH value of the water samples ranges from 7.7 to 8.2 with an 
average of 8. Hardness ranges from 70 mg/1 to 154 mg/1 with an average of 108.6. HCOs' 
ranges from 6.5 mg/1 to 169 mg/1 with an average of 90.5 mg/1. For COs '^ the 
concentration ranges from 39 mg/1 to 182 mg/1 with an average of 113.9 mg/1. SO4 
concern concentration is not detected at many locations. The concentration of S04^" ranges 
from 0 mg/1 to 0.4 mg/1 with an average of 0.1 mg/1. CI" concentration ranges from 31.2 
mg/1 to 66.7 mg/1 having an average of 45.8 mg/1. Ca^ "*" concentration in the samples 
ranges from 19.2 mg/i to 54.5 mg/1 with an average of 29.6 mg/I. Mg^"*^  concentration is in 
the range of 1.5 mg/1 to 22.4 mg/1 with an average of 8.2 mg/1. Na"^  concentration ranges 
from 1.2 mg/1 to 19.5 mg/1 with an average of II.7 mg/I. K"^  concentration ranges from 2.5 
mg/1 to 10.8 mg/1 with an average of 5.3 mg/1 and TDS concentration ranges from 118.4 
mg/1 to 286.1 mg/1 with an average of 181.2 mg/1. 
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Table-4.1: Average hydrochemical data of the surface water samples. 
Sample 
No. 
S1 
S2 
S3 
S4 
S5 
S6 
S7. 
S8 
S9 
S10 
S11 
S12 
S13 
S14 
S15 
S16 
S17 
S18 
S19 
S20 
S21 
S22 
S23 
S24 
S25 
PH 
8.2 
8.1 
8.1 
8.2 
8.1 
7.8 
7.7 
7.8 
7.8 
7.9 
8.0 
8.1 
8.1 
8.1 
8.2 
8.0 
8.1 
8.0 
7.9 
7.8 
7.9 
7.8 
8.0 
8.0 
8.2 
Hardness 
106.0 
124.0 
102,0 
126,0 
96.0 
76.0 
80.0 
84.0 
96.0 
70.0 
108.0 
118.0 
114.0 
154.0 
142.0 
120.0 
150.0 
122.0 
90.0 
88.0 
92.0 
96.0 
82.0 
132.0 
146.0 
HCO3 
78.0 
91.0 
91.0 
156.0 
97.5 
45.5 
6.5 
52.0 
26.0 
123.5 
78.0 
149.5 
110.5 
149.5 
130.0 
110.5 
19.5 
117.0 
45.5 
71.5 
117.0 
91.0 
45.5 
91.0 
169.0 
CO3 
78.0 
78.0 
78.0 
78.0 
104.0 
91.0 
143.0 
104.0 
182.0 
65.0 
130.0 
91.0 
117.0 
156.0 
130.0 
130.0 
182.0 
117.0 
130.0 
39.0 
117.0 
143.0 
104.0 
117.0 
143.0 
SO4 
0.1 
0.0 
0.1 
0,1 
0.0 
0.1 
0.0 
0.1 
0.1 
0.0 
0.0 
0.0 
0.1 
0.0 
0.1 
0.0 
0.0 
0.0 
0.4 
0.0 
0.1 
0.1 
0.1 
0.1 
0.0 
CI 
34.1 
35.5 
38.3 
36.9 
32.7 
41.2 
35.5 
41.2 
31.2 
35.5 
46.9 
48.3 
36.9 
49.7 
48.3 
52.5 
56.8 
54.0 
49.7 
46.9 
63.9 
52.5 
49.7 
61.1 
66.7 
Ca 
24.6 
34.5 
23.2 
27.3 
32.1 
22.4 
24.0 
28.1 
30.5 
22.4 
24.8 
24.0 
28.1 
24.8 
54.5 
19.2 
40.9 
44.1 
28.9 
26.5 
30.5 
29.7 
23.2 
31.3 
39.3 
Mg 
5.4 
9.3 
10.7 
14.1 
3.9 
4.9 
4.9 
3.4 
4.9 
3.4 
11.2 
14.1 
10.7 
22.4 
1.5 
17.6 
11.7 
2.9 
4.4 
5.4 
3.9 
5.4 
5.9 
11,7 
117 
Na 
15.4 
13.0 
12.1 
9.6 
6.8 
13.8 
4.4 
4.6 
8.4 
11.6 
15.6 
14.7 
8.3 
14.3 
16.4 
10.6 
15.4 
16.9 
8.9 
1.2 
9.7 
9.7 
16,2 
15.4 
19,5 
K 
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2.5 
10.2 
2.9 
2.5 
2.7 
3.5 
3.0 
3.6 
3.9 
10.8 
10.6 
4.4 
6.6 
8.7 
3.6 
4.0 
2.9 
4.2 
4.1 
8.8 
8.1 
6.8 
4.3 
4.3 
TDS 
124.8 
134.3 
134.0 
208.7 
175.7 
131.1 
118.4 
132.6 
144.1 
161.6 
214.0 
209.5 
186.6 
216.4 
286.1 
201.4 
200.5 
238.1 
155.0 
143.1 
195.3 
171.1 
173.7 
202.1 
272.0 
Avg 
Max 
Min 
Stdv 
All val 
8.0 
8.2 
7.7 
0.2 
ues in 
108.6 
154.0 
70.0 
24.2 
ppm excep 
90.5 
169.0 
6.5 
44.2 
tpH. 
113.9 
182.0 
39.0 
34.9 
0.1 
0.4 
0.0 
0.1 
45.8 
66.7 
31.2 
10.1 
29.6 
54.5 
19.2 
8.0 
8.2 
22.4 
1.5 
5.2 
11.7 
19.5 
1.2 
4.5 
5.3 
10.8 
2.5 
2.7 
181.2 
286.1 
118.4 
120.1 
87 
pH: It is the negative logio of the hydrogen ion concentration in a solution. Its value 
defines the chemical nature of surface water whether it is acidic or alkaline. Digital pH 
meter was used for measuring the pH values of surface water samples from different rivers 
and ponds from different locations in the study area as shown in fig.4.1. From the pH 
values, it is observed that all the surface water samples fall in the alkaline water category. 
The pH value in the study area varies from 7.7 to 8.2. The minimum pH value is recorded 
in the pond water sample whereas the maximum pH value is recorded from the river water 
sample. The spatial variation of pH concentration shows southward increasing trend 
(fig.4.2). 
Hardness: Hardness of water is generally defined as the calcium carbonate 
equivalent of calcium and magnesium ions present in water and is expressed in mg/1. 
Generally, hardness of water is associated with its behavior towards soap. In other words, 
the soap consuming capacity of water can be represented as its hardness. Hem, (1970) has 
classified water according to hardness as shown in the table 4.2. 
Table-4.2: Classification of water based on hardness as CaCOs (after Hem 1970). 
Hardness (mg/1) as CaC03 
0-60 
61-120 
121-180 
>180 
Remark 
Soft 
Moderately hard 
Hard 
Very hard 
The major ions responsible for the hardness of water are the carbonates of calcium and 
magnesium. Public acceptability of the degree of hardness of water may vary from one 
community to other, depending upon the local conditions. Hardness value in the study 
area ranges from 70 mg/1 to 154 mg/1. Minimum and maximum hardness values are found 
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in the water samples of both river and pond. Spatial variation trend shows hardness value 
increasing in the southward direction of the Imphal valley (see fig.4.3). The samples from 
the rivers as well as ponds fall in the moderately hard (61 - 120) mg/1 to hard (121 - 180) 
mg/1 categories. Sample collected from a pond at Sora village has the highest hardness 
concentration value of 154 mg/1 which falls in the hard water categoiy. This is due to the 
heavy anthropogenic activities like washing, cleaning, bathing etc. in and at the vicinity of 
the pond as it is the most important source of water for domestic purpose of the village. 
Hard water is believed to have no harmful effect on human being. Cardiovascular diseases 
are reported to be confined to the areas of soft water than to those having hard water 
(Crawford, 1972). 
Bicarbonate, HCO3' : Bicarbonate is the main anion found in the water. Main sources 
include CO2 in the air, CO2 in the soil, leaching from carbonaceous rocks and CO2 
released due to bacterial oxidation of organic matter. 
CO2 + H2O =H^ + HC03" 
CaCOs + CO2 + H2O = Ca^^ + 2HCO3' 
Bicarbonate concentration varies from 6.5 mg/1 to 169 mg/1 with average of 90.5 
mg/1. Both these values are recorded in the water samples collected from two different 
rivers. However, HCO3" concentration shows southward increasing trend as shown in 
fig.4.4. Also, a distinct trend in the form of the presence of comparatively higher 
concentration of HCO3' is observed in samples collected from the surface water bodies in 
Thoubal district in the study area. The possible explanation may be the chemical reactions 
between the soil minerals contributed from the Eastern hills and water in presence of 
atmospheric CO2. The Eastern hills of Manipur have limestone exposures. Leaching from 
the carbonaceous rocks and soils and also the occurrence of limestone (Calcium 
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carbonate) exposure in the source region of the Thoubal River may be the major 
contributions to the concentration of HCO3'. 
Carbonate, COi^': Carbonate concentration ranges from 39 mg/1 to 182 mg/1. Minimum 
concentration is recorded from the sample collected from pond while maximum 
contribution is found in two river water samples. CO3 " concentration also shows 
southward increasing trend as shown in fig.4.5. 
The COs^' concentration in the surface water from the study area is contributed mainly by 
the dissolution of HCO3" and CaCOs as given below facilitated by the presence of both 
HCO3" in water and CaC03 in the soil minerals and weathered rocks materials. 
HC03' - • H ^ + C03^" 
CaC03 , ^ C a ^ ^ + C03^" 
Sulfate, S04^': The concentration ranges from undetected amount to 0.4 mg/1. The 
sulphate concentration in the study area is well below the permissible limit. Minimum 
sulphate concentration is found in the river water sample whereas maximum concentration 
of SO4 ' is found in the sample from pond. The spatial variation obtained of SO4 " 
concentration shows northward increasing trend as shown in fig.4.6. This can be explained 
by the contribution from anthropogenic activities. The northern part of the study area is 
more densely populated. Direct dumping of domestic and municipal wastes without proper 
treatment, soil amendments such as gypsum and fertilizers etc. are the chief sources of 
sulphate concentration. On the other hand, of low concentration in the water samples from 
the study area is also due to the absorption of S04^' on the clayey soil surface. 
High sulphate concentration can have laxative effect. Sulphate values exceeding 500 mg/1 
impart bitter taste and can cause gastrointestinal irritation and catharsis (Kakar, 1989). 
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Chloride, CV: The chloride concentration in water ranges from 31.2 mg/1 to 66.7 mg/1. 
Both the minimum and maximum concentrations of CI' are found in the river water 
samples collected from two different rivers. Spatially, CI" distribution shows southward 
increasing trend as shown in fig.4.7. The relatively higher concentration of CI" in the 
Thoubal River is due to the contributions from the scattered brine springs found close to 
the course of the river (Laiba, 1992). 
Chloride concentration in the water of the study area is well below the permissible 
limit. A high concentration of chloride in the drinking water will give salty taste and cause 
laxative effects to sensitive person (Raviprakashan and Krishna Rao, 1989). Excessive 
concentration of chloride has corrosive effect on metal pipes and is also harmful to plants. 
Calcium, Ca^^: In the study area, the concentration of calcium ranges from 19.2 mg/1 to 
54.5 mg/1. Both the minimum and maximum concentrations are found in two different 
river water samples. The spatial variation obtained for Ca^ "^  concentration shows 
southward increasing trend in the study area as shown in fig.4.8. The possible 
contributions are from weathering of lithology and subsequent dissolution in water and 
leaching from fertilizers, soil amendments use for agricultural activities. Calcium 
concentration in the water of the study area is below permissible limit. 
Calcium is an essential element for human body. Human body requires 0.7 to 2 gm of 
calcium per day. It is essential for mascular and nervous system, cardiac functions and in 
coagulation of blood. Low calcium has been considered responsible for rickets, decayed 
teeth etc. while high concentration has harmful affects in the form urinary disorder and 
formation of kidney and bladder stone. 
Magnesium, Mg^ "": Mg "^^  concentration ranges from 1.5 mg/1 to 22.4 mg/1. The 
concentration is below the permissible limit. Minimum Mg "^^  concentration is detected 
from river water sample where as maximum Mg "^^  concentration is detected from pond 
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sample. The spatial variation shows southward increasing trend (see fig.4.9). The main 
contribution of Mg • '^*'concentration is weathering of the Mg-siHcate mineral present in the 
soil. 
Magnesium is an essential nutrient for human body. Magnesium is not harmful while 
present in low concentration but higher concentrations have laxative effect. An average 
adult requires 200 to 300 mg per day. Deficiency of magnesium leads to structural 
functional changes and may cause severe diarrhea, chronic renal failure and protein-
caloric malnutrition (WHO, 1973). 
Sodium, Na"*": The concentration of sodium ranges from 1.2 mg/1 to 19.5 mg/1. The 
concentration of sodium in the waters of the stud}- area is well below the permissible limit. 
Minimum concentration of Na"^  is found in pond sample where as maximum concentration 
is found in the river water sample. Spatially, Na"^  concentration shows southward 
increasing trend as shown in fig.4.10. Na"^  concentration is found relatively higher in the 
water samples collected from Thoubal District. This is due to the contributions from the 
scattered brine springs found in around the sampling points. 
Sodium is an essential element for human body but high concentration of sodium in 
drinking water can be harmflil to a person suffering from cardiac and renal diseases 
pertaining to circulatory system. Also, high sodium content in irrigation water leads to the 
development of alkaline soil and through base exchange causes the deficiency of calcium 
and magnesium in the soil. 
Potassium, K :^ The concentration of potassitim ranges from 2.5 mg/1 to 10.8 mg /I. Both 
the minimum and maximum concentration of K* is detected from the pond samples. The 
spatial variation shows gradual southward increasing trend as shown in fig.4.10. The 
increase is not in appreciable amount. The major contribution of potassium is the use of 
potash fertilizers in agricultural practices in and a around the water sources. Potassium 
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concentration in the water samples are also lower than Na"^  concentration because of K^ 
ions reaction with clay minerals and their nature of evenly adsorption on the clay surface. 
Potassium is an essential element for plants. It stimulates plant growth but it is more toxic 
to fish and shell than calcium, magnesium and sodium (Brown et al., 1970). 
Total Dissolved Solids (TDS): It is the total quantity of chemical constituents present in 
the water. Carroll (1982) has classified water with various TDS contents which is shown 
in the following table. 
Table-4.3: Type of water based on TDS (after Carroll 1982). 
Name 
Fresh water 
Brackish water 
Salty water 
Brine 
Concentration of total dissolved solids 
(ppm) 
0-1000 
1000-10,000 
10,000-100,000 
> 100,000 
In the present analysis, the TDS values of the surface water samples have been obtained 
by sum up the concentrations of all the analyzed major ions. Total dissolve solids (TDS) 
concentration ranges from 118.4 mg/I to 286.1 mg/1 with an average of 181.2 mg/1. The 
concentration of TDS in the water of the study area is well below the permissible limit. 
Highest concentration of TDS is recorded from river. The spatial variation of TDS 
concentration shows southward increasing trend as shown in fig.4.I2. This trend 
corresponds to the trends shows by concentration of Ca^ "^ , Mg^ "^ , Na"^  and HCOs' which 
mainly contribute to the TDS concentration. The rivers along which jhum agricultural 
activities are practiced also exhibit comparatively higher concentrations of TDS. 
Water with high TDS value has salty taste and produce scale on cooking utensils. 
93 
24.5 
24.4 
24.3 
8.04 
00' 
93.5 93.6 93.7 93.8 93.9 94 94.1 94.2 94.3 
Fig. 4.2: The spatial variation of pH for the surface water in study area in Imphal valley. 
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Fig. 4.3: The spatial variation of Hardness for the surface water in study area in Imphal valley. 
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Fig. 4.4: The spatial variation of HCO3 for the surface water in study area in Imphal 
valley. 
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Fig. 4.5: The spatial variation of CO3 for the surface water in study area in Imphal 
valley. 
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Fig. 4.6: The spatial variation of SO4 for the surface water in study area in Imphal valley. 
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Fig. 4.7: The spatial variation of CI for the surface water in study area in Imphal valley. 
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Fig. 4.8: The spatial variation of Ca for the surface water in study area in Imphal valley. 
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Fig. 4.9: The spatial variation of Mg for the surface water in study area in Imphal valley. 
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Fig. 4.10: The spatial variation of Na for the surface water in study area in Imphal valley. 
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Fig. 4.11: The spatial variation of K for the surface water in study area in Imphal valley. 
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Fig. 4.12: The spatial variation of TDS for the surface water in study area in Imphal 
valley. 
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Seasonal variation in concentration of Major ions 
The physico-chemical analysis shows seasonal variation in the chemical characteristics. 
The order of abundance of the average concentrations of anions and cations for pre-
monsoon are HCOi > COs^' > CI' > S04^' and Ca^^> 'Na'> K'> Mg^ "" respectively (see 
fig.4.13a and b). However this order of abundance of both anions and cations changes with 
change in season. The order of abundance of anions and cations in the post-monsoon are 
COj^' > HCO3" > CI" > S04^' and Ca^^> Mg^^> K^= Na^ (see fig.4.14a and b). Most of the 
chemical parameters show dilution in the post-monsoon water samples. This is due to the 
fresh rainfall received in the study area during the monsoonal rainfall but dilution 
percentage for different ions varies. 
Total dissolved solids (TDS) shows 73% dilution. This is because of the dilution of 
Na^ Ca^^ Cr , HCO3' which are the main components of TDS. Na* with 80% dilution 
shows the maximum dilution among the various ions. This is because of the low reactivity 
/ mobilization of the Na^ ions from the silicates and easy dilution by the influx of 
monsoonal rainfall. CI", K"^ , Ca^ "^  show more or less 40%) dilution. CI' is however expected 
for high dilution but it is moderately diluted. This is because of the scattered presence of 
salts and brine springs in and around the study area (Laiba, 1992), from where there is 
continual supply of chloride in the surface water. On the other hand HCO3" dilution is low 
at 8.77%. This low dilution of HCO3" is due to the easy mobilization of carbonate ions 
from the surfacial carbonate rocks. COj^" and Mg^ "^  ions show enrichment of 19.24% and 
18.64% respectively. These may be due to the scattered presence of magnesium and other 
brine springs in and around the study area (Laiba, 1992). 
98 
a. 
HC03 / 
44% / 
r=»-^ CI 
^ ^ N v 26% 
——-__Js04 
i 0% 
" ^ 0 0 3 
30% 
• CI 
• S04 
DC03 
OHCOS 
b. 
Ca 
54% \ 
K 
10% 
/ '1^1 
" • ^ V l g 
7% 
1 Na 
129% 
/ 
• K 
• Na 
DMg 
DCa 
Fig. 4.13 a and b: Percentage of pre-monsoon anions (a) and cations (b) concentrations. 
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100 
On the basis of degree of dilution, the ions along with TDS, Hardness and p" can be 
grouped into: 
i) Highly diluted (Na^). 
ii) Moderately diluted (CI", K '^ Ca^^). 
iii) Poorly diluted (p", Hardness, HCO3'). 
iv) Non- diluted (SO/') 
v) Enriched (C03^",Mg^^) 
Hydrochemical Facies 
Hydrochemical facies are distinct zones that have cation and anion concentrations 
describable within defined categories (Allan and Cherry, 1979). It is used to describe 
chemical composition of water. It is the function of lithology, kinetics of solution and flow 
pattern. 
Graphical representations of the concentration of different ions in each water sample 
were made. Such graphical patterns make understanding easier and quicker (Raghunath, 
1987). Piper's trilinear plot is most commonly used in water chemistry studies (Piper, 
1953). So, Piper's trilinear diagram was plotted for the surface water samples collected 
from rivers and ponds in the study area (see fig.4.15). From the diagram it can be 
concluded that the water in the study area falls in the Calcium and no dominant type 
cation facies and Bicarbonate type anion facies. 
101 
60 o 
\ \ 
40 iP 
80 60 — 4 0 Ca 
20 20 40 — 60 
CI 
Cation facies 
A. Magnesium Type 
B. Calcium Type 
C. Sodium Type 
D. No Dominant Type 
Anion facies 
E. Sulphate Type 
F. Biocarbonate Type 
G. Chloride Type 
H. No Dominant Type 
Fig. 4.15: Piper's diagram for surface water samples from the Imphal valley. 
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Trace-Element chemistry of Surface Water 
Trace elements are so called because they are found in trace amount in natural 
water. These elements are also called heavy metals because their densities are more than 
five times than water. The natural concentration of these trace elements are primarily 
derived from the rocks through weathering processes and are usually harmless to 
organisms but their concentration levels have increased considerably throughout the 
world mainly because of the human activities like agricultural use of chemicals, fossil 
fiiels, mining activities, industrial effluents etc. During the past several decades, studies 
from a variety of locations have demonstrated widespread occurrences of metals in surface 
waters at concentrations significantly higher than background level. Elevated 
concentrations are not limited to certain water types or polluted areas; they appear in all 
types of system and in all geographical areas. It is clear that trace elements enter the 
aquatic system from diverse sources, both point and non-point, and they can be readily 
transported from any system to another. Transport routes include atmosphere, terrestrial 
and subterranean, aquatic and biological pathways (Elder, 1988). 
Trace elements are not permanently fixed in the sediments and can be released 
back to the water column by change in environmental conditions such as pH, redox 
potential and the presence of organic chetators (Forstner and Withman, 1983). Trace 
element dispersion through the drainage basin is mainly a function of hydraulic conditions 
that control different processes. The conditions are (1) distribution, according to the 
particular size and density (2) mixing, where non-polluted sediments are added to the 
fluvial system and (3) storage and deposition in plains, fluvial substratum, lakes, reservoirs 
and estuaries (Foster and Charlesworth, 1996). Most of the metals are essential for the 
growth of organisms at lower concentration. But they are essentially harmftil when their 
concentration exceeds certain level which defines respective permissible limit. Elevated 
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levels of trace elements in water may be due to both natural and anthropogenic sources. 
Concentrations of metals in significantly higher levels are dangerous to human beings and 
other organisms. Metal ions and their complexes exhibit a wide range of toxicity to the 
organisms that ranges from sub-lethal to lethal depending upon the time of exposure and 
the prevailing conditions in the ambient water. 
The trace elements in the surface water in the study area in the Imphal valley were 
determined to evaluate their sources and impacts as a part of the geoenvironmental 
appraisal of the study area. The average trace element concentration in the surface water 
samples of the study area is given in table 4.4 (also see Appendix II , Vand VI). 
104 
TabIe-4.4: Average trace element concentration in the surface water samples in the study 
area. 
Sample No. 
SI 
S2 
S3 
S4 
S5 
S6 
S7 
S8 
S9 
S10 
S11 
S12 
S13 
S14 
S15 
S16 
S17 
S18 
S19 
S20 
S21 
S22 
S23 
S24 
S25 
Avg 
Max 
Min 
Stdv 
Fe 
1.112 
0.939 
0.952 
1.962 
1.059 
0.906 
1.176 
1.327 
1.742 
1.701 
0.486 
0.648 
0.566 
0.709 
1.874 
0.281 
0.194 
0.868 
1.052 
1.263 
0.265 
0.285 
0.461 
1.395 
3.533 
1.070 
3.533 
0.194 
0.725 
Mn 
0.054 
0.055 
0.031 
0.087 
0.115 
0.106 
0.064 
0.150 
0.255 
0.039 
0.136 
0.053 
0.132 
0,126 
0.062 
0,096 
0.070 
0.152 
0.257 
0.048 
0.055 
0.058 
0.032 
0.184 
0.127 
0.102 
0.257 
0.031 
0.063 
Cr 
0.003 
0.007 
0.003 
0.008 
0.007 
0.006 
0.003 
0.004 
0.004 
0.004 
0.004 
0.002 
0.004 
0.004 
0.012 
0.006 
0.007 
0.003 
0.003 
0.004 
0.002 
0,297 
0.003 
0.007 
0.007 
0.017 
0.297 
0.002 
0.058 
Ni 
0.027 
0.034 
0.027 
0.026 
0.033 
0,039 
0.024 
0,043 
0.054 
0,032 
0.031 
0.030 
0.031 
0.049 
0,031 
0,017 
0.028 
0,036 
0,029 
0,036 
0,029 
0,017 
0.046 
0.047 
0.029 
0.033 
0.054 
0.017 
0.009 
Co 
0.025 
0.030 
0.020 
0.029 
0.040 
0.038 
0,036 
0,044 
0,038 
0,025 
0.030 
0,027 
0.029 
0.021 
0.025 
0.030 
0.037 
0,020 
0,018 
0,017 
0.011 
0.026 
0,014 
0.017 
0,016 
0,027 
0.044 
0.011 
0,009 
Zn 
0.135 
0.061 
0.147 
0.062 
0.063 
0.035 
0.090 
0,062 
0.096 
0.027 
0.159 
0.026 
0.039 
0.097 
0.065 
0.044 
0,029 
0.061 
0.066 
0.064 
0.053 
0.136 
0,025 
0,029 
0.090 
0.070 
0.159 
0.025 
0.039 
Cu 
0.014 
0.011 
0.013 
0,010 
0.012 
0,018 
0,019 
0,023 
0,021 
0.019 
0.024 
0.022 
0.023 
0.033 
0.026 
0.021 
0.027 
0.027 
0,031 
0,026 
0,035 
0.034 
0,029 
0,036 
0,038 
0,024 
0.038 
0.010 
0.008 
All concentrations in ppm 
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The concentration of trace elements, Iron (Fe), Manganese (Mn), Chromium (Cr), 
Nickel (Ni), Cobalt (Co), Zinc (Zn), and Copper (Cu) in the surface water samples 
collected from different rivers and ponds at different locations the study area (see fig.4.1 
and Appendix II) were analyzed and the average concentrations are given in table 4.4. 
The table shows that the concentration of Fe ranges from 0.194mg/l to 3.533mg/l with an 
average of 1.070mg/l, both recorded in the same rivers water samples collected from 
different stations. Mn concentration ranges from 0.031mg/l to 0.257gm/l with an average 
of 0.102mg/l. Highest as well as least concentrations of Mn is recorded in the pond 
samples at different places. Cr concentration ranges from 0.002mg/l to 0.297mg/l with an 
average of 0.017mg/l. Both the highest and the least concentrations are recorded in the 
water samples collected from different ponds. Ni concentration ranges from 0.017 mg/1 to 
0.054 mg/1 with an average of 0.033 mg/1. The highest and least concentrations of Ni are 
recorded in the water samples collected from two different rivers. For Co, the 
concentration ranges from 0.011 mg/1 to 0.044 mg/1 with an average of 0.027 mg/1. 
Highest concentration of Co is recorded in the water sample collected from a river while 
least concentration of Co is recorded in a pond water sample. Zn concentration ranges 
from 0.025 mg/1 to 0.159mg/l with an average of 0.070 mg/1. Both the highest and the 
least concentrations of Zn are recorded in the water samples collected from two different 
ponds. For, Cu, the concentration ranges from 0.010 mg/1 to 0.038 mg/1 with an average of 
0.024 mg/1. Highest and least concentrations of Cu are recorded in the samples collected 
from two different rivers. 
The permissible limits as specified by Bureau of Indian Standards, BIS (1991) and 
World Health Organization, WHO (1993) for major ions along with pH, Hardness, TDS 
and trace elements, Fe, Mn, Cr, Ni, Co, Zn and Cu are given below in the table 4.5. 
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Table-4.5: BIS (1991) and WHO (1993) Drinking Water Standards and concentration 
range of various major ions and trace elements in the study area. 
Constituent 
PH 
Total 
Hardness 
TDS 
Calcium 
Magnesium 
Sodium 
Chloride 
Sulphate 
Fluoride 
Nitrate 
Copper 
Iron 
Lead 
Manganese 
Cadmium 
Nickel 
Cobalt 
Chromium 
Zinc 
Selenium 
(BIS 1991) 
Highest 
desirable 
limit 
6.5-8.5 
300 
500 
75 
30 
250 
200 
0.6-1.2 
45 
0.05 
0.3 
0.1 
0.1 
0.01 
0.1 
0.05 
0.1 
0.01 
Maximum 
permissible 
limit 
6.5-9.5 
600 
2000 
200 
100 
1000 
400 
1.5 
100 
1.5 
1 
0.5 
0.01 
0.3 
0.05 
15 
0.1 
W.H.O. (1993) 
Highest 
desirable 
limit 
7-8.5 
100 
75 
200 
200 
10 
0.05 
0.1 
0.05 
5 
Maximum 
permissible 
limits 
6.5-9.2 
500 
1000 
200 
50 
200 
600 
400 
50 
1.5 
1 
0.1 
0.5 
0.01 
0.05 
15 
Concentration in the study 
area (mg/l) 
Range 
7.7-8.2 
70-154 
118.4-286.1 
19.2-54.5 
1.5-22.4 
1.2-19.5 
31.2-66.7 
0.0-0.4 
0.010-0.038 
0.019-3.533 
0.031-0.257 
0.017-0.054 
0.011-0.044 
0.002-0.297 
0.025-0,159 
Average 
8 
108.6 
181.2 
29.6 
8.2 
11.7 
45.8 
0.1 
0.024 
1.07 
0.102 
0.033 
0.027 
0.017 
0.07 
-rv\t&^^  
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The average trace metal concentration, their spatial variation in study area, their uses and 
harmfulness based on the drinking water quality standards given by organizations, BIS 
(1991) and WHO (1993), are discuss below: 
Iron, Fe: The average concentration of Fe in the study area varies from 0.194 mg/1 to 
3.533 mg/1 with an average of 1.070 mg/1. Forty-eight percent of the samples collected 
both from different rivers and ponds, has Fe concentration exceeding the maximum 
permissible limit of lmg/1 (BIS, 1991; WHO, 1993). Highest concentration of Fe 
(3.533mg/l) is detected in the river water sample from Location no. 25. The spatial 
variation in Fe concentration is shown in fig.4.16. The eastern and western parts of the 
study areas show higher Fe concentrations then the central part. The eastern part has 
overall higher concentration of Fe this is because of the leaching of Fe from the Disang 
shales in the Eastern Hills of Manipur surrounding the Imphal valley (Geeta Devi et al., 
2006). The occurrence of bog iron in the Lausipat area as nodules and concretions also 
cotributes to the Fe concentration in the study area. 
Iron is an essential element for human beings. Iron exists in the body in the ionic 
and non-ionic forms. Iron, if present in substantial quantity in drinking water renders it 
unsuitable for use in food processing, beverage making, dyeing, bleaching and ice 
manufacturing etc. High concentration of Fe imparts bitter- sweet astringent taste and inky 
flavor. Due to these reasons, the limit of iron in drinking water is less of health 
consideration and more of aesthetic and taste significance. 
Mangenese, Mn: The Mn concentration in the study area ranges from 0.031 mg/1 to 
0.257mg/l with an average of 0.102mg /I. the Mn concentrations in the study area is under 
the maximum permissible limit (0.5mg/l, BIS, 1991; WHO, 1993 ). Spatially, Mn 
concentration trend shows higher concentration in the eastern and western part than the 
central part of the study area. For the north-south trend, the southern part of the study area 
shows higher concentration trend as shovm in fig.4.17. Highest concentration of Mn 
(0.257mg/l) is found in the pond water sample from Location no. 19. The main source of 
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Mn concentration is the agricultural use of fertilizers in the agricultural fields in the 
vicinity of the pond, from where seepage of water as run off takes place. A little 
contribution from the soil is also a possibility. The overall low concentration of Mn is due 
to the geo-chemical controls. Mn is also adsorbed on the clays and organic matter. Mn is 
also essential nutrient for man. Deficiency of Mn leads to inhibitions of growth, disruption 
of central nervous system and interference with reproductive functions (McNeely et al., 
1979). High concentration of Mn causes manganism, a disease of central nervous system 
involving neurological and psychic disorders which leads to walking difficulty, speech 
disturbance etc. 
Chromium, Cr: The concentrations of Cr in the study area ranges from 0.002 mg/1 to 
0.297mg/l with an average of 0.017 mg/1. Cr concentration in all the samples from the 
study area falls below the maximum permissible limit (0.05mg/l, BIS, 1991; WHO, 1993) 
except in the sample collected from a pond at Location no. 22. Pond water sample from 
location no. 22 has the highest Cr concentration (0.297mg/l). Cr concentration in this pond 
may be from the washing and cleaning of utensils made of steel and other alloys which use 
Cr in their manufacturing. Spatially, the east-west concentration trend shows higher Cr 
concentration in the western part of the study area. For the north-south concentration 
trend, the southern part shows higher Cr concentration. The main source of Cr in the study 
area is the sediments derived by the Eastern hills, where occurrence of chromite is mainly 
reported from the Ukhrul and Chandel districts. 
Cr has no nutritional value and may be absorbed through the skin and by inhalation and 
corrosion (USEPA, 1983). Exposure to hexavalent Cr causes skin diseases, respiratory 
disorders. 
Nickel, Ni: The average concentration of Ni in the study area ranges from 0.017 mg/1 to 
0.054mg/l with an average of 0.033 mg/1. The concentration of Ni in all the water samples 
from the study area falls below the maximum permissible limit (0.3mg/l, BIS, 1991). Ni 
concentration is generally low due to chemical control. The spatial concentration trend 
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shows higher Ni concentrations in the central and southern part of the study area as shown 
infig.4.18. 
The main source of Ni concentrations in the study area in the sediments derived 
from the Disangs of the Eastern hills where there is reported occurrence of Ni in the 
Ukhrul district (Laiba, 1992). Some contributions through anthropogenic activities like 
dyeing/coloring of yams for handloom cottage industries in the more densely populated 
central area in the study area and using of utensils made of steel and other alloys are 
highly possible. The cloth making handloom cottage industry is the largest small scale 
industry of Manipur (Economic Survey, Manipur, 2007-2008). 
High concentration of Ni is harmful for human health. Contact with Ni salts in 
aqueous solution causes dermatitis. Repeated inhalation of Ni compounds may cause lung 
cancer (Mc Neely' et al., 1979). 
Cobalt, Co: Co concentration in the study area ranges from 0.01 lmg/1 to 0.044 mg/1 with 
an average of 0.0267 mg/1. Spatially, Co concentration trend shows higher concentration 
in the central part as compared to the eastern and western part of the study area as shown 
in fig.4.19. The main source of Co concentration is the dumping of untreated domestic and 
municipal wastes generated in the densely populated central part of the study area. 
Co concentration in excess amount is harmful to human health. 
Zinc, Zn: The average Zn concentration in the study area ranges from 0.025mg/l to 
0.159mg/l with an average of 0.070mg/l. Zn concentration in all the water samples from 
the study area is well below the maximum permissible limit (15mg/l, BIS, 1991; WHO, 
1993). Spatially, Zn concentration is higher in the eastern and western part than the central 
part of the study area. The concentration trend also shows southern part having higher 
concentrations of Zn than the northern part as shown in fig.4.20. The reason for the greater 
concentration of Zn in the eastern, western and southern parts of the study area is the 
greater amount of agricultural activities taking place in these parts as compared to the 
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more densely populated central part. The main source of Zn concentration is the fertilizers, 
pesticides, insecticides and herbicides used for agricultural activities. 
Zn is an essential element for human health and agriculture. Zn plays an important 
role in enzymes and enzymatic functions, protein synthesis and carbohydrate metabolism 
(Tyler and Demayo, 1980). It also helps in cell division and growth. Zn is relatively non-
toxic and concentration upto 25mg/l shows few adverse effects (McNeely et al., 1979). 
Deficiency in Zn results in infantilism and impaired wound (Underwood, 1971). 
Cupper, Cu: The average concentration of Cu ranges from O.OlOmg/1 to 0.038 mg/1 with 
an average of 0.024 mg/1. The concentration of Cu in all the surface water samples 
collected from the study area falls below the maximum permissible limit (1.5mg/l, BIS, 
1991; WHO, 1993). Spatially, the Cu concentration shows fluctuating trend. Overall, the 
eastern and southern parts of the study area show higher Cu concentration trends as shown 
in fig.4.21. The main source of Cu concentration in the study area is the sediments derived 
from the weathering of the Disang Formation in the Eastern hills of Manipur. The Eastern 
Hills especially in Ukhrul district contains Ophiolite belt from where the presence of 
serpentinite, Cu ores etc. are reported (Laiba, 1992). Also, the agricultural use of 
pesticides also contributes to the Cu concentration. 
Cu is essential trace element for human body. It is involved in hemoglobin synthesis, 
connective tissue development and normal fiinctioning of central nervous system. It has 
toxic affect on human body if the concentration is below the desirable limit. Anaemia, 
diarrohea, demineralization of bone etc. are caused due to Cu deficiency. Wilson disease 
has been associated with abnormal Cu metabolism. High intake of Cu causes damage to 
liver. 
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Fig. 4.16: The spatial variation of Fe for the surface water in study area in Imphal valley. 
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Fig. 4.17: The spatial variation of Mn for the surface water in study area in Imphal valley. 
24 5 
\ 
24 4 
'•03 
24.3 
93.5 93.6 93.7 93.8 93.9 94 94.1 94.2 94.3 
Fig. 4.18: The spatial variation of Ni for the surface water in the study area in Imphal valley. 
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Fig. 4.19: The spatial variation of Co for the surface water in study area in Imphal valley. 
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Fig. 4.20: The spatial variation of Zn for the surface water in study area in Imphal valley. 
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Fig. 4.21: The spatial variation of Cu for the surface water in study area in Imphal valley. 
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Seasonal variation of trace element chemistry 
The trace element analysis of the pre-monsoon and post-monsoon surface water samples 
collected from the study area was conducted to figure out the behavior of the elemental 
concentration in the samples from rivers and ponds with respect to the change in season. 
The percentage of average trace element concentration in rivers and ponds in pre-monsoon 
period and post-monsoon period is given in the following table. 
Table-4.6: Percentage of average trace element concentration in rivers and ponds in pre-
monsoon period and post-monsoon period. 
Heavy 
element 
Fe 
Mn 
Cr 
Ni 
Co 
Zn 
Cu 
Rivers 
Pre-monsoon 
(concentration%) 
84 
8 
ND 
2 
1 
3 
2 
Post.-mansoon 
(concentration%) 
69 
8 
1 
3 
9 
9 
I 
Ponds 
Pre-monsoon 
(concentration%) 
81 
7 
ND 
3 
1 
5 
3 
Post-monsoon 
(concentration%) 
52 
8 
13 
2 
5 
19 
19 
It is observed that there is change in the concentration of trace elements with change in 
season. The monsoonal rainfall affected the concentration of most of the elements in 
different ways. The above table shows that the average concentrations of Fe and Cu in the 
river water samples during post-monsoon were lowered in varying degrees due to the 
dilution effect. Fe concentration is diluted by 50%. Mn concentration was not affected by 
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monsoonal rainfall. On the other hand, Cr, Ni, Co and Zn show varying degrees of 
enriched concentration in the post monsoon samples. The important reasons for enriched 
Cr, Ni, Co, Zn concentration are the surface runoffs that carry sewage, municipal and 
domestic wastes which finally find their way into the rivers and streams in the study area. 
Also, surface runoff from the agricultural land where chemical fertilizers, pesticides and 
herbicides etc. are used also contribute to the enriched concentration. For the ponds, Fe Ni, 
and Cu show lower concentrations in the post monsoon samples. The dilution effect 
shown by these elements is due to the influx of greater amount of rainwater through 
monsoonal rainfall. However, Mn, Cr, Co and Zn show enriched concentration. Cr 
concentration shows phenomenal enrichment in the post monsoon samples from non-
detected during pre-monsoon to 13% of the total heavy metal concentration, during post-
monsoon. For Mn, Co and Zn the post-monsoon samples show enrichment of 14.29%, 
400% and 280% respectively. 
The industrial source of enriched hea\7 metals can be neglected in the study area 
because the study area in particular and the whole of Manipur in general, is considered 
industrially virgin area. The most appropriate explaination for the enriched concentration 
of heavy elements in the post-monsoon water samples is the direct contact of the surface 
runoffs with the sewage, municipal and domestic wastes, agricultural runoff and other 
toxic materials left as residue and their discharge into the surface water bodies. 
Surface water quality for drinking purpose 
The suitability of surface water for drinking purposes mainly depends on its 
physical and chemical quality. Colour, odour and taste are the measures of physical 
characters of the drinking water. In terms of color, odour and taste, the surface water 
samples collected from the study area are fit for drinking purposes. A number of 
institutions and health organizations have prepared drinking water quality standards. 
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In the present study, standards for drinking water quality as proposed by the 
Bureau of Indian Standard (1991) and World Health Organization (1993) have been 
adopted to judge the suitability of surface water quality for drinking purpose (see table 
4.5). 
It is observed that, the average concentrations of most of the physico-chemical 
parameters except Fe at twelve locations and Cr at one location, in all the samples, are 
under the permissible limits. The high concentration of Fe is rather more of aesthetic and 
taste significance than health consideration. Fe concentration in the study area is mainly 
contributed from the Disang shales of Eastern Hills of Manipur. Proper treatment 
mechanism is necessary' to offset the toxic effects before the water is use for drinking 
purposes. Overall, the water of the study area is good for drinking purpose in terms of the 
physico-chemical parameters that were analyzed. 
Quality of surface water for Irrigation 
Manipur in general, and the Imphal valley in the center of Manipur in particular, is 
an agricultural area. Rice is the main crop grown in the Imphal valley. So, irrigation is 
very important. As in domestic use, surface water is also the main irrigation water. 
Therefore, the quality of surface water from the study area is analyzed for suitability for 
use in irrigation. The use of water for irrigation depends on many factors. The chemical 
quality of the water is also one of the main factors because it can manifest in the form of 
salinity denoted by dissolved solids and conductivity, toxic trace elements, pesticides and 
herbicides contamination. The chemical constituent can affect both plant and soil. So, the 
effects of chemical components of water are of prime importance for it to be considered 
suitable for use in irrigation purpose. 
The concentration of sodium is important for classifying irrigation water because 
sodium, when present in large concentration, reacts with soil and reduces its permeability 
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(Todd, 1980), affects the structure and aeration, thus affecting the plant growth. The 
sodium content in the water can be denoted by percent sodium. The percent sodium is 
calculated as 
%Na = (Na+K)* 100 / (Ca+Mg+Na+K), 
where, all the constituents are taken in meq/1. 
Table below shows the percent Na along with the values of TDS. E.C. and SAR values 
calculated for the surface water samples from the study area. 
Table-4.7: Values of TDS, E.G., SAR and %Na. 
Sample No. 
S1 
S2 
S3 
S4 
S5 
S6 
S7 
S8 
S9 
S10 
S11 
S12 
S13 
S14 
S15 
S16 
S17 
S18 
S19 
S20 
S21 
S22 
S23 
S24 
S25 
TDS(mg/l) 
124.82 
134.30 
133.98 
208.71 
175.70 
131.11 
118.39 
132.58 
144.09 
161.62 
213.99 
209.50 
186.58 
216.36 
286.07 
201.37 
200.52 
238.13 
154.98 
143.14 
195.30 
171.13 
173.72 
202.14 
272.03 
EC(|jS/cm) 
195.03 
209.84 
209.35 
326.11 
274.53 
204.85 
184.98 
207.15 
225.15 
252.53 
334.36 
327.35 
291.54 
338.07 
446.98 
314.65 
313.31 
372.07 
242.16 
223.66 
305.16 
267.39 
271.44 
315.84 
425.04 
SAR 
0.73 
0.51 
0.52 
0.37 
0.30 
0.69 
0.21 
0.22 
0.37 
0.60 
0.65 
0.58 
0.33 
0.50 
0.60 
0.42 
0.55 
0.67 
0.40 
0.06 
0.44 
0.43 
0.77 
0.60 
0.70 
%Na 
33.07 
20.11 
27.56 
16.25 
15.64 
30.41 
14.75 
14.06 
19.03 
30.02 
30.36 
27.50 
16.95 
20.15 
24.64 
18.51 
20.34 
24.87 
21.32 
8.13 
25.81 
24.50 
34.64 
23.50 
24.49 
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Excess of sodium ion content more than 50% in water leads to the replacement of ions like 
Ca and Mg in soil through base-exchange process. So, percent sodium upto 50% is 
considered acceptable for irrigation use and above which alkalization. steadily increases. 
Alkaline soil supports no plant growth. 
The %Na in the surface water samples in the study area (see table 4.7) and was checked 
against the classification based on %Na and E.C. of water for irrigation given by Wilcox 
(1955) in the following table. 
Table-4.8: Quality classification for irrigation water (Wilcox. 1955). 
%Na 
<20 
20-40 
40-60 
60-80 
>80 
E.C. (MS/cm) 
<250 
250-750 
750-2000 
2000-3000 
>3000 
Water class 
Excellent 
Good 
Permissible 
Doubtful 
Unsuitable 
It is found that water in the study area falls in the good to excellent water category water 
for irrigation. 
Sodium Absorption Ratio (SAR) and Salinity Hazards 
Suitability of water for for irrigation use can also be assessed better by SAR because of its 
direct relation to the adsorption of sodium by soil. SAR is calculated using the formula, 
SAR = Na / V(Ca+Mg)/2, 
where, the concentration of the constituents are expressed in meq/1. 
To test the salinity and alkali hazards, the values of the SAR and E.C. of the surface water 
of the study area are plotted (Fig.4.22). 
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Fig. 4.22: Plots of SAR values against E.C. values (USSL 
The values of SAR and E.C. plotted on USSL Diagram plot gives a direct indication of the 
salinity and alkali hazards. The plot shows that all the samples of the surface water from 
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the study area fall in the CiSi and C2S2 areas. It indicates that the surface water in the 
study area can be used in almost all types of soils. 
The quality classification of irrigation water as suggested by United States Salinity 
Laboratory, USSL (1954) is given in the following table. 
Table-4.9: Quality classification of irrigation water (after U.S.S.L., 1954). 
Salinity Hazards (E.C.inpS/cm) 
<250 (Ci) 
250 - 750 (C2) 
750-2250 (C3) 
>2250 (C4) 
All<ali Hazards (SAR) 
<10 (Si) 
10-18 (S2) 
18-26 (S3) 
>26 (S4) 
Water class 
Excellent 
Good 
Moderate 
Poor 
Goel (1997) has also suggested the criteria based on different chemical constituents and 
SAR values for irrigation purpose (See Appendix VIIA and B). The water in the study 
area falls in good to excellent category for irrigation use. 
The permissible limits for the concentrations of trace elements for irrigation water 
set by FWPCA (1968) and Ayer and Branson (1975) ( see Appendix VIII) were used as 
standards to check the suitability of the surface water in the study area for irrigation 
purpose. It is found that the concentration of trace elements in the water of the study area 
are well below the permissible limit. So, the water is good for irrigation purpose with 
respect to trace element concentration. 
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4.2. Factors controlling the Hydro-geochemical characteristics of 
surface water in Imphal valley 
There are three main sources of dissolved ions present in the inland waters. They are 
(a) atmospheric deposition of salts (b) weathering of rock forming minerals and (c) 
anthropogenic input (Berner and Bemer, 1997; Sarin and Krishnaswamy, 1984; Singh and 
Hasnain, 1998, 1999, 2000).The ionic and elemental compositions of river water depend 
upon weathering and geochemical processes that are operative in the basins and also 
anthropogenic activities. For example, the CO2 dissolved in the rainwater causes 
breakdown of the rock matrix that changes the natural composition of the surface water. 
The main chemical processes that release ions into the solutions are hydrolysis, reduction, 
oxidation or chelating. 
The average ion chemistry of the 25 surface water samples from the study area 
shows the order of anion abundance as C03^>HC03">Cr>S04^' and that of cation 
abundance as Ca '^^ >Na^>Mg '^^ >K^ (Table-4.1 and Fig.4.23a and b). The percentage of 
various anions is 46% C03^", 36% HCO3' , 18% CI' and negligible for S04^' and the 
percentage of various cation is 54% Ca^ "^  , 2 1 % Na"*", 15% Mg^ "^  and 10%) K"^ . The nature 
of the hydrochemistry of the surface water samples collected from the study area suggests 
that the water in the area is dominated with Ca^ ^ and C03^'. 
Mechanism controlling the water chemistry 
The source of major ion concentrations in water can be determined by plotting the 
variation in the weight ratios of Na / (Ca+Na) as function of Total Dissolved Solids (TDS) 
of the water samples (Gibbs, 1970). Thus Gibbs' diagram has been plotted to decipher the 
major mechanisms, which controls the ion-chemistry of the water samples of the study 
area. The variation diagram shows that all the samples fall within the area of 'rock 
dominance' as shown in figure 4.24. All values plot inside the boomerang, within the 
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region defined for 'rock dominance' indicating that rock weathering is the main 
controlling factor of the ionic chemical composition of the water samples in the study area. 
The chemical weathering of the rocks is mainly performed by the reaction of H"^  with 
minerals in the rock. The H* ion in the catchment area is mainly derived from dissolution 
of atmospheric CO2, (Garrels and Mackenzie, 1971). This carbondioxide combines with 
rainwater to form bicarbonate. And the carbondioxide interaction with water is the major 
H"^  producing reaction in the basin. The protons used for the chemical weathering of 
carbonates, and aluminum silicate minerals provide cation in the water. 
The plot of (Ca^^+ Mg^ )^ Vs HCOs' shows that most points of the (Ca^^+ Mg^*) falls 
above 1:1 trend line (fig.4.25 ) and the ratio ranges from 0.69 to 15.09. It indicates that 
Ca^ "^ + Mg^^ content is mostly greater than the HCO3" content and that the carbonate 
dissolution is not the only main chemical weathering, which contributes cations in water. 
Therefore a major portion of H"^  produced by carbonic reactions is used by the Alumino 
silicate minerals weathering. 
The plot of (Ca^ "" + Mg^ )^ Vs (HCO3" + S04^') for water on equivalent unit shows that 
most of the (Ca^ "^ + Mg^ "^ ) points falls above the 1:1 trend line (fig.4.26), reflecting the 
requirement of cations from weathering of silicate rocks. This condition requires part of 
the carbonate alkalinity to be balanced by chemical weathering of silicate minerals. 
The plot of (Ca^ "^ +Mg^ '^ ) Vs TZ* shows that plotted points lie below the equline with an 
average equivalent ratio ranging from 0.66 to 0.92 (fig.4.27). The relatively moderate 
contribution of Na'^ +K'^  to the total cation indicates that carbonate and silicate weathering 
are important sources of major ions to waters. The lower K"^  than Na"^  content is due to 
greater resistance to weathering of the former and is used up in the formation of clay 
minerals. The average values of (Na'^ +K'*') / JZ" ranges from 0.08 to 0.34. It indicates 
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minerals. The average values of (Na^+K^) / IZ* ranges from 0.08 to 0.34. It indicates 
moderate degree of chemical vi^ eathering of silicate minerals, along with major 
contribution from the carbonate weathering (fig.4.28). 
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Fig.4.23a and b: Average concentration percentage of anions and cations in surface water 
in the study area. 
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Fig. 4.24: Location of the plots of surface water samples in Gibbs diagram (1970). 
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4.3 Grain Size Characteristics of Bed Sediments of Rivers and 
Standing Water Bodies (SWBs) in the Study Area 
The grain size parameters are widely used as indicators of different environment of 
sedimentar>' deposition (Friedman. 1961, Duane. 1964). Grain size depends mainly on the 
factors namely, availability of source material, medium of transport, physiography and 
geomorphology of the area, winds and climate ( King 1972; Swift 1976). 
The studies on the sedimentological characters can decipher the hydrodynamic 
depositional histories of the study areas. But work in the Eastern Himalaya is very limited 
due to logistic problems even though the climatic conditions of this region are different 
from those prevailing in the Western and Central Himalayas. The different in the climatic 
conditions also effected different environments of deposition of sediments. 
Several studies on Quaternarj' intermontane valley-fill sedimentation have been 
carried out in many parts of the world in recent times (Beaty, 1963; Church and Ryder, 
1972; Fort et al., 1979; Sharma et al., 1980). Most of these works were based on glacial 
fed valley-fill deposits (Church and Ryder, 1972; Jackson Jr. et al., 1982; Rust, 1973; 
Ryder, 1971). In India, the studies on Quaternary valley-fill deposits are mainly confined 
to the Western and Central Himalayas in the Northern part of the country (Tandon, 1981; 
Valdia et al., 1984; Nossin, 1971). A few works are done in the Eastern Himalaya (Sinha 
and Roy, 1980). Most of these works are also based on the glacial fed valley-fill. 
The Imphal valley is bounded by hills on all sides except narrow inlet and outlet of 
the Imphal River in the northern and southern sides respectively. The oval shaped Imphal 
valley tilts towards south. So, Imphal River along with its tributaries, Iril River, Thoubal 
River and Khuga River flow towards south. The Imphal River is the main river which 
drains the valley and this river along with its tributaries are abundant in water borne 
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sediments comprising silt and sand (Ibotombi, 1993). They are also the main factors 
controlling the size. The grain size analysis done to decipher the hydrodynamic condition 
of the surface water bodies indicates low energy condition. This low energy hydrodynamic 
condition leads to slow dispersal and diffusion of the constituents of water chemistry. ve>iJtjl;>trr 
4.3.1 Materials and Methodos 
Twenty two (22) bed sediment samples from two different depositional envi^ jifvments oif 
rivers and standing water bodies (SWBs) which include lakes and ponds, were collected 
from the study area (see fig.4.29 and Appendix IX) through grab sampling of the 
sediments beneath 1 feet deep after removing 6 inch x 6 inch area of the top soil. The 
samples were dried and approximately 100 gms. of each sample were disintegrated and 
subjected to sieving for 10 minutes in a using ASTM standard sieves. The physical data 
representing the size distribution of each sample were computed to get the graphic 
statistics: mean, standard deviation, skewness and kurtosis as per Folk and Ward (1957) 
method using GRADISTAT software. 
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Fig. 4.29: Location map of bed sediment samples in the study area 
(adapted from ZASICM, 1997). 
129 
Results and Discussion 
Table 4.10 shows the values of some of the important parameters obtained by graphic 
method of twenty two (22) bed sediment samples collected from different sampling points 
in the rivers and standing water bodies from the study area (Fig.4.29). 
Table-4.10: Bed sediment characteristics of rivers, ponds and lakes in Imphal valley. 
Sample 
No. 
SI 
S2 
S3 
S4 
S5 
S6 
S7 
S8 
S9 
SIO 
Sll 
SI2 
S13 
S14 
S15 
S16 
SI7 
S18 
S19 
S20 
S21 
S22 
Mean 
size 
1.6 
2.48 
1.48 
2.77 
-0.26 
-0.26 
1.9 
1.26 
1.21 
2.77 
1.29 
-0.27 
1.14 
1.12 
1.37 
1.22 
-0.27 
1.67 
1.34 
1.15 
1.41 
1.35 
Description 
MS 
FS 
MS 
FS 
VCS 
VCS 
MS 
MS 
MS 
FS 
MS 
VCS 
MS 
MS 
MS 
MS 
VCS 
MS 
MS 
MS 
MS 
MS 
Sorting 
1.3 
1.16 
1.39 
1.02 
-0.16 
-0.11 
1.64 
1.27 
1.25 
1.02 
1.3 
0.27 
1.15 
1.35 
1.47 
1.17 
0.17 
1.53 
1.36 
1.13 
1.48 
1.41 
Description 
PS 
PS 
PS 
PS 
VWS 
VWS 
PS 
PS 
PS 
PS 
PS 
VWS 
PS 
PS 
PS 
PS 
VWS 
PS 
PS 
PS 
PS 
PS 
Skewness 
0.3 
0.25 
0.17 
0.09 
0 
0.68 
0.31 
0.2 
-0.1 
-0.09 
-0.11 
0.6 
-0.29 
-0.05 
-0.29 
-0.13 
0.64 
0.04 
-0.01 
-0.09 
-0.08 
-0.1 
Description 
CSK 
CSK 
CSK 
SYM 
SYM 
FSK 
VCSK 
CSK 
CSK 
SYM 
CSK 
VFK 
CSK 
SYM 
CSK 
CSK 
VFSK 
SYM 
SYM 
SYM 
SYM 
CSK 
Kurtosis 
0.77 
1.75 
0.51 
0.64 
0.74 
-2.3 
0.58 
0.55 
0.62 
0.64 
0.56 
-3.59 
0.73 
0.7 
0.68 
0.68 
-0.62 
0.73 
0.79 
0.7 
0.67 
0.66 
Description 
PK 
VLK 
VPK 
VPK 
PK 
VPK 
VPK 
VPK 
VPK 
VPK 
VPK 
VPK 
PK 
PK 
PK 
PK 
VPK 
PK 
PK 
PK 
VPK 
VPK 
All values in ^ (phi) 
MS Medium Sand 
FS Fine Sand 
VCS Very Coarse Sand 
PS Poorly Sorted 
VWS Very Well Sorted 
CSK Coarse Skewed 
SYM Symmtrical 
FSK Fine Skewed 
VCSK Very Coarse Skewed 
VFSK Very Fine Skewed 
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Mean Size (Mz) 
Mean size indicates the average size of the sediments. In terms of energy, it indicates 
average kinetic energy/velocity of the agent of deposition (Sahu, 1964). The mean size of 
the sediments of the river beds varies from -0.27({) (very coarse sand) to 2.77(p (fine sand) 
with and average of 1.32(p (medium sand). More than 77% of the river bed sediment 
samples are medium sand where as the percentage of fine and very coarse sand are equal 
at 11.11% each. The mean size of the bed sediment samples from the SWBs varies from -
0.27(p (very coarse sediment) to 1.679 (medium sand) with an average of 1.1 Sep (medium 
sand) fall in the medium sand category, while very few samples belong to coarse sand. 
The samples collected from the beds of SWBs show mainly medium sand with less 
variation than the riverbed sediments. The variation in grain size of the riverbed sediment 
samples is due to the hydraulic variation at different places in the courses of the rivers. 
However the sediments from the bed of the SWBs show uniformity in the hydraulic 
conditions and therefore they are dominated by medium sand. 
Standard Deviation (G{) 
Standard deviation of the sediment samples is worked out to know the sorting of the 
sediments. It indicates the fluctuation in the kinetic energy/velocity of the agent of 
deposition (Sahu, 1964). The o for the river bed sediments varies from -0.16(p (very well 
sorted) to 1.64(p (poorly sorted) with an average value of 0.96(p (moderately well sorted). 
More than 76% of the samples are poorly sorted while the rest are very well sorted. For 
the bed sediments of the SWBs, a value varies from 0.17(p (ver\' well sorted) to 1.53(p 
(poorly sorted) with an average of 1.23(p (poorly sorted). In SWB bed sediment sample 
group, more than 88% of the samples are of poorly sorted nature with the remaining 
11.11% of the samples are very well sorted. In both the groups, poorly sorted grains 
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dominated. The reason may be due to the low energy conditions prevailing in the local 
rivers and SWBs, where sorting has not been affected. 
Skewness (Sk j) 
Skewness is one of the important parameters of the grain size analysis. It measures the 
asymmetry of a frequency distribution. The skewness of the river bed sediments varies 
from -0.299 (coarse skewed) to 0.68cp (fine skewed) having an average of 0.15 (coarse 
skewed). More than half the samples of this group are coarse skewed followed by 23.07% 
symmetrically skewed and very fine skewed sediments in equal share. For the bed 
sediments from SWBs, skewness varies from -0.29(p (coarse skewed) to 0.64 (p (Fine 
sand) with an average of -0.0Icp (near symmetrical). In this group, more than half the 
samples (55.56 %) are symmetrical followed by 33.33% coarse skewed and 11.11% very 
fine skewed. The coarse skewed nature of most of the river bed sediment samples is due to 
the selective removal of fine sediments from the river bed in the river discharge, while in 
most of the bed sediment samples from SWBs are symmetrical because of low energy 
condition prevailing in the locations this group. 
Kurtosis (KG) 
The kurtosis value of the riverbed sediment samples varies from -3.59(p (very platy kurtic) 
to 1.75(p (very leptokurtic) with an average of 0.17(p (very platykurtic). But more than 
69% of the samples are very platy kurtic followed by 23.07% platy kurtic and 7.69% very 
leptokurtic. For the bed sediments of the SWBs, kurtosis value varies from -0.62(p (very 
platy kurtic) to 0.79(p (platy kurtic) with an average of 0.55(p (platy kurtic). But in this 
group more than 66% of the samples are platy kurtic & the remaining are very platykurtic 
in nature. The different kurtosis nature in these two groups of sediments is due to the 
nature of transporting agents. The very platy kurtic nature of the sediment samples from 
the beds of rivers is due to the removal of the fine sediments by the moving water, where 
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as the platy kurtic nature of the bed sediments of the S WBs is because of the more or less 
uniform distribution due to the lack of movement of the water due to low energy 
conditions. 
Spatial Variation in bed sediments of rivers 
The spatial variation of the hydrodynamic conditions of the Imphal River has some 
impacts on the sedimentary characteristics of its bed sediments. The bed sediment 
characteristics of the river are influenced by the bed sediments characteristics of its 
tributaries namely the Iril River and Thoubal River especially at the points of confluence 
and in the downstream direction from the point of confluences. 
In the upper reaches of the Imphal River, poor sorting and medium sand size 
characterize the bed sediment. This characteristic is maintained even after Imphal River 
meets Iril River at Lilong. This is because of the fact that Iril River bed sediments also 
have the same characteristics as that of the Imphal River and these characters are 
maintained in the downstream direction with more or less uniform hydrodynamic while 
condition. 
But where Imphal River is met by another tributary, Thoubal River, the bed 
sediments characteristics at the place of confluence and in the downstream direction from 
the place of confluence is altered and the sediment characteristics of the Thoubal River 
become dominant. The poorly sorted fine to medium sand bed sediments of Imphal River 
seems to be completely obliterated by the very well sorted, very course sand bed sediment 
characteristics of the Thoubal River. This dominancy continues for some distance towards 
the downstream direction. This is because of the fact that, the stronger current flow of the 
Thoubal River with its narrower stream channel is contributing very well sorted, very 
coarse sand to bed sediment. But further downstream the bed sediment characteristic of 
the Imphal River again becomes poorly sorted medium sand. 
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The kurtosis and skeweness results of the rivers and SWBs suggest that the river 
waters selectively uptake the fine sediments from the upper reaches of the valley and from 
along their courses and deposit these finer sediments around the Loktak Lake region in the 
southern part of the valley as the flow conditions are considerably reduced near the lake. 
The deposition of these fine sediments around the Loktak Lake resulted in the 
development and expansion of swampy and poorly drained soil around the lake (as shown 
in fig.2.4) 
Summary .A"-^  
• The results of the analyses for major ions in the surface water samples shows that the 
water from different rivers have greater average pll. Hardness, HCO3' ,C03 " , Mg"" , 
Na^ & TDS than the water samples collected from different ponds. On the other hand 
water samples collected from different ponds have greater average concentration of 
S04^', Cr and K .^ 
• The average ion chemistry shows the order of anion abundance as CO3- > HC03> Cf 
> S04^" and the order of cation abundance as Ca^^>Na'^ >Mg ^> K .^ 
• The facies of the water in the study area belong to Ca type and no dominant type 
cation facies and HCO3 type anion facies. 
• Spatially, all major ions except SO4 show southward increasing trend in the study area. 
• The average concentration of the analyzed major ions and trace elements except Fe 
and Cr are well under permissible limits set by BIS (1991) and WHO (1993) for 
drinking purpose. 
• The water in the study area falls under good water for irrigation. 
• The major ion concentrations are mainly contributed by rock weathering of the Disang 
formation. Also agricultural use of fertilizers and other anthropogenic activities along 
with the scattered presence of brine springs in the study area also contribute to the 
ionic concentration. 
• The carbonate weathering processes are the main geochemical factors responsible for 
the water chemistry. There is also minor contribution from the silicate weathering. 
• The grain size analysis done to decipher the hydrodynamic condition of the surface 
water bodies indicates low energy condition. This low energy hydrodynamic leads to 
slow dispersal and diffusion of the constituents of water chemistry. 
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CLIMATIC TRENDS 
5.1 Trends of some climatic parameters in India 
The phenomenon of climate change is a serious relevant global concern nowadays because 
the impacts of climate change will be felt all over the world in varying degrees and in 
various forms. India is home to about 16.2% of the world's total population with only 
about 2.4% of the earths total land surface. It has different landforms with different 
regional climatic conditions. Therefore, there will be profound practical implications of 
the changes in climate in India on many aspects in general and on socio-economy in 
particular. It is the accepted view all over the world that the main driving factor for the 
global climate change is the rise in the mean global temperature in the last century (1901-
2003).This rise in global temperature is largely a human induced one. The life styles of 
mankind have contributed enormous amount of green house gases in the atmosphere. 
These gases along with natural sources like water vapor and aerosols produced by volcanic 
eruptions etc. present in the atmosphere trapped the heat that is reflected from the earth's 
surface and redirected it towards the earth, thus increasing the temperature of the earth. 
This rise in mean global temperature is popularly known as "Global Warming". The term 
global warming has become more or less synonymous with global climate change since 
rise in global temperature is mainly responsible for this phenomenon of climate change. 
The immediate consequence of global warming is the drastic and destructive changes in 
the climatic conditions in different regions of the world. The increasing temperature 
affects the precipitation patterns. This disruption causes damaging floods and draughts in 
different parts of the globe. 
In the Indian context, the main impact of climate change due to global warming on 
Indian climate will be on the Indian monsoon season. The Indian monsoon, which is the 
season of concentrated rain, is the most important feature of Indian climate. So significant 
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is the monsoon season to the Indian climate, that rest of the seasons are quite often 
referred relative to the monsoon. The prime importance of Indian monsoon is because the 
Indian economy is heavily dependent on its agricultural sector. The Indian agriculture 
sector is the largest employment generating sector as more than half the population of 
India are directly or indirectly engaged in agriculture and its allied sectors. But again, the 
success or failure of Indian agriculture is heavily dependent on the performance of the 
south-west (SW) Indian monsoon season. 
Also, for better crop development and grain yield, three important climatic regimes 
viz. thermal, moisture and light regimes need to be in optimum conditions. Because, 
productivity of a crop is dependent on the extent to which certain optimum conditions of 
solar radiation, temperature and growing degree days are satisfied during different stages 
of crop growth (Doorenboos and Pruit, 1977; shastri et al., 1996). For example, rice crop 
has critical low and high temperature limits, normally above 20° C and below 30° C 
(Yosihda, 1978). 
So, it is of great importance to deal with climate change as an integral part of 
India's economic and social development in general and that of the study area in 
particular.. Because these changes in climate for agriculture, and the effects on human 
health caused by the increasing temperature as response to the global warming 
phenomenon are likely to be very serious, and very significant across the regions of India. 
Two of the most important climatic elements are temperature and rainfall. By 
studying the trends of temperature and rainfall of an area we can have and idea about the 
nature of change that is taking place in that area. So, this study was mainly emphasized on 
this two important weather parameters. 
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Materials and Methods 
•Various published literatures by many workers on the climatic parameters in India, 
especially on temperature and rainfall were studied and conclusions were drawn. 
Average monthly weather parameters for north-east region of India were downloaded 
from the Indian Institute of Tropical Meteorology (IITM) website. Various statistical 
trends were evaluated for maximum, minimum and mean temperature and precipitation 
using linear regression model in the Microsoft excel program. The kurtosis and skewness 
of the monthly data is also determined using the same software. 
Data on daily weather parameters for Imphal valley for the single station in the 
capital city, Imphal, for the period, 1969-1998 were acquired from the National Data 
Center (NDC), Indian Meteorological Department (IMD), Pune. This data contain various 
weather parameters such as temperature, precipitation, sunshine hours and evaporation etc. 
Daily weather observations were used to evaluate the statistical trends for different time 
periods using standard Microsoft Excel Program. Statistical trends of various weather 
parameters such as temperature, precipitation, sunshine hours and evaporation were 
analyzed and results are discussed in detailed as follows: 
Temperature Trends in India 
Recently conducted studies based on the records of the Indian Meteorological 
Department (IMD) for the last 100 years (1901-2003) has shown that in India, the mean 
annual temperature has increased by 0.5°C ( Kothawale et al., 2005 ) .The warming trend 
in India is associated with the rise in maximum temperature by 0.7°C during the last 100 
years. However, the warming trend observed in the India during the last 30 years of 20"^  
century (1970-2000) is contributed both by rise in the mean maximum and minimum 
temperatures. Rise in temperature varies significantly during the winter and post-monsoon 
and winter seasons. It is 0.7°C during post-monsoon and 0.4° C during winter (IPCC, 
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2001; Dash and Hunt, 2007). The study also shows that the maximum temperature over 
India in the last 100 years during October-February (post-monsoon and winter) has 
increased by l^S'^C whereas increase in other months of the years is around 0.75°C 
(IPCC, 2001). 
The trend in the minimum temperature anomaly was different in some degrees 
from that of the maximum temperature. The minimum temperature, during post-monsoon 
and winter months increased for about five years after 1950 and then decreased till 1970. 
After 1970, the minimum temperature has been increasing sharply by about 
0.25^C/decade. 
In the two decades before 1960, the minimum temperature during May to September was 
consistently higher and after a sharp decrease it remained low for about three decades upto 
1910. In the last decade of 20"^  century (1990-2000), minimum temperature has again 
started rising. The sharp decrease in the minimum temperature during 1955-1970 was 
similar during all the months of the year. The annual average increase in both maximum 
and minimum temperature observed for all the season of the year was consistent with 
global warming. However, since 1970, the increase in maximum and minimum 
temperature during October-February (post-monsoon and winter) has been about 0.3^C 
more than that of the rest of the months (Dash and Hunt, 2007). 
Also, 2006 was recorded as the warmest year on record. During this year, the annual mean 
temperature averaged over the country as a whole was 0.59°C more than the 1961-1990 
average. Many years from the last decade of the 20^ century feature in the ten warmest 
years on record since 1901. This is clear proof of global warming (IPCC, 2001) affecting 
India in terms of rising temperature. 
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Precipitation Trend in India 
Monsoonal precipitation of SW monsoon in India has always been the most important 
climatic element in India in socio-economical terms. It is because of the importance of the 
agriculture sector in which more than half of India's population is engaged. Thus, India's 
economy has been depending heavily on agriculture sector. Furthermore, the success or 
failure of India agriculture depends heavily on the monsoon precipitation. Palaeoclimatic 
studies have shown that India has been experiencing a strong monsoon ever since the 
uplift of the Himalayas more than 10 million years ago. But now there is a distinct 
possibility that the current climate changes in the atmosphere especially since the later half 
century of the past century may lead to some significant changes in the monsoon flow and 
pattern of precipitation. According to Roy and Balling (2006), the trend in the total 
precipitation occurring during July and August shows tendency towards a slighty 
decreasing trend over most of the Indian sub-continent. 
The declining trend is more pronounced in case of winter rains which occur during 
(Junuary and February). In case of both the armual total precipitation and seasonal total 
precipitation, there is decreased in trend in the low and moderate categories of 
precipitation in northern part of the east coast extending into Chota Nagpur plateau and 
parts of Chattisgarh. However, the north-east region, consisting of the rainiest parts of the 
world and the south-western part of the Indian peninsula show increasing trend in the high 
intensity precipitation categories during summer season. This trend in the summer 
precipitation is offset by substantial decreasing trends during the winter season for the 
north-east and the south-western part of the peninsula. In the north-western region of India 
mainly comprising of the low precipitation region of the arid desert of India, and all along 
the west coast, there is an increasing trend in the high intensity precipitation categories in 
case of both seasonal and annual precipitation. Over Rajasthan and part of north-western 
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Himalayas, there is increasing tendency in all categories of precipitation to change from 
low intensity to high intensity precipitation. The national level trends for the total amount 
of precipitation taking place, exhibit similar declining trends for most categories of 
precipitation except for slight increasing trends in the high intensity categories occurring 
in the summer season, which is reflected in the annual trends of the national level. The 
annual average monsoon rainfall at the all India level for the same period (1901-2003) has 
been without any trend and variations have been random in nature. Increase in monsoon 
seasonal rainfall have been recorded along the west coast, north Andhra Pradesh and 
north west India (+10 to +12% of normal/lOOyears) while decreasing trend have been 
observed over east Madhya Pradesh and adjoining areas, north-east India and parts of 
Gujarat and Kerala (-6 to -8% of normal /100 years ). 
140 
5.2 Climatic Trends Analysis of north-east India 
The studies conducted by various researches (Dash and Hunt, 2007; Rao et al., 
2000; Roy and Balling, 2006; Kothawale et al., 2005; IPCC, 2001) indicated that the 
climate is changing in Indian subcontinent and the impact is very tremendous in urbanized 
area. Most of the data set is from urban surroundings or cities. However, very few studies 
have been conducted for the remote area because of non-availability of the weather data in 
those places. The data set of the urban area is not totally governed by local atmosphere, 
sometimes it is affected by urban pollution. 
Therefore, there is need to conduct climatic change studies in pristine areas to evaluate the 
impact of climate change. Hence, north-east region of India was also taken up for study. 
On the basis of temperature the climate of north-east region can be grouped into 
five seasons. They are winter (December-February), spring (March-April), summer (May-
June) and monsoon (July-September), autumn (October-November). 
Statistical trends of parameters such as temperature and precipitation have been analyzed 
for these seasons and the results are discussed as follows: 
Characteristics of monthly average maximum temperature trends in 
North-east India 
The analysis of the trend of monthly average maximum temperature for the north-
east suggested an increased in the trend in last century (1901-2003) at rate of 0.0108 per 
year with R of 0.5284 as shown in fig.5.1. The average maximum temperature for the 
region was analyzed for various seasons, winter (December-February), spring (March-
April), summer (May-June) monsoon (July-September), and autumn (October-November) 
(see fig.5.2). The maximum rise in average maximum temperature is observed in autumn 
season with rate of 0.018 ° C per year with R^ of 0.5263. In winter, the rise in the average 
maximum temperature was 0.0118 C per year with R of 0.2266. In these two seasons the 
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rise in average maximum temperature is significant. While in summer, monsoon and 
spring seasons, the rise is lower than the winter and autumn. 
From the graphs as shown in fig.5.3, it is clearly seen that the skewness and kurtosis for 
the average maximum temperature for the period is changing. 
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Fig. 5.1: Trend of the monthly average maximum temperature (" C) for the period of 
1901-2003. 
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Fig. 5.2: Trends of monthly average maximum temperatiires C C) in various seasons for 
the period, 1901-2003. 
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Fig. 5.3: Trends of the skewness and kurtosis for monthly average maximum temperature 
C C) for the period of 1901 - 2003. 
Characteristics of monthly average minimum temperature trends in 
North-east India 
The monthly average minimum temperature in the region indicates an increasing trend in 
the average mmimum temperature at the rate of 0.001 C per year with R value of 0.0083 
as shown in fig.5.4. The trends of monthly average minimum temperatures in various 
seasons are given in fig.5.5. It is seen from the figure that maximum rise in average 
minimum temperature is observed during winter period at rate of 0.0073 " C/year with R^ 
of 0.1947. In autumn this rise is about 0.0063 " C/year with R^  Of 0.0836. This rise was 
less in spring season at the rate of 0.0016 " C per year and R^ of 0.0061. However, the 
monthly average minimum temperatures in summer and monsoon period indicate a 
decrease in at the rate of 0.0013*' C with R^  of 0.0092 and 0.0036" C per year with R^  of 
0.1151 respectively. 
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Fig. 5.4: Trend of monthly average minimum temperature (° C) for the period of 1901-
2003. 
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Fig. 5.5: Trends of monthly average minimum temperatures C C) in various seasons 
for the period of 1901 - 2003. 
146 
0 1901 2003 
-0.2 f 
-0.4 
-0.6 
-0.8 
-1 
-1.2 
-1.4 
-1.6 
-1.8 
^—15—22-29 36^-43—50^-57—64^^^?^^ 85 - 92 9 9 -
.AAr^-j:^^^^^^^.^ 
kurtosis 
skewness 
Fig. 5.6: Trends of skewness and kurtosis skewness and kurtosis for monthly average 
minimum temperature (° C) for the period of 1901-2003. 
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The kurtosis and skewness (shown in fig.5.6) of the average minimum temperature 
indicated that the kurtosis has not changed in last century (1901-2003). but the skewness 
trend in the data indicated that it was moving towards higher values i.e. towards positive 
skewness. It suggests that the minimum temperature has been increasing in the region. 
From the comparative study skewness and kurtosis trends of monthly average maximum 
and minimum temperatures, it is found that changes are more significant in the skewness 
of the average minimum temperature than the changes occurred for the maximum average 
temperature for the same period. 
Monthly average temperature trends in the North-east Region 
Average temperature calculated using minimum and maximum temperature of each 
month, indicates a rise in temperature at the rate of 0.0063 "^  C per year with R^  of 0.3352 
(Fig.5.7).The average temperature trends in various seasons were also analyzed (Fig.5.8). 
The maximum rise is observed in autumn at the rate of 0.0122 '^ C per year with R"^  of 
0.4254. For winter period, the rise in average temperature is 0.009 ° C per year with R^  of 
0.259.The least rise is seen for the summer at the rate of 0.0025 ° C per year with R^  of 
0.0395. The kurtosis and skewness of the data were also analyzed (see fig.5.9). The 
kurtosis value ranges from -1.4 to 1, while the skewness value ranges from 0.6 to -6.5. The 
time series analysis of average atmospheric temperature indicates that the average 
skewness of the average temperature has not change in last century. However, a rapid 
change is observed for the kurtosis value as it is approaching towards higher values. It 
indicates that the distribution of average temperature is changing from smooth i.e. very 
platy kurtic to platy kurtic. 
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Fig. 5.7: Trend of the monthly mean temperature (" C) for the period of 1901 - 2003. 
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Fig. 5.9 Trends of the kurtosis and slcewness for monthly minimum temperature (" C) 
for the period of 1901-2003. 
Characteristics of Monthly Rainfall trends in North east India 
The meteorological data accessed for the period, 1871-2005 for north-east region of India 
indicated the following trends for rainfall. The average monthly rainfall trend line 
indicated a decreasing trend with R^  = 0.0003 and slope of -0.0054 mm per year 
(Fig.5.10). The decrease in rainfall is probably related to the failure of the clouds to 
condense to form rains in this region due to the increase in the observed mean 
temperature as a result of the global warming phenomena that become intensified since 
three/four decades back. 
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Fig. 5.10: Trend of monthly rainfall (in mm) for the period of 1871-2005. 
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The average total annual rainfall in the region is 1974.36 mm, and its trends since 1871 to 
2005 indicates a decreasing trend at the rate of-0.9638 mm per year with R^  of 0.024 as 
shown in fig.5.11. The continuous improvement in slope and R^  provide a confidence in 
trend analysis of the rainfall in the region. 
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Fig. 5.11: Trend ofthe yearly rainfall (in mm) for the period of (1871 -2005). 
The yearly rainfall anomaly is calculated based on average annual rainfall for the period 
1871-2005. It shows a consistent negative anomaly starting from 1970 and continued upto 
1990 (Fig.5.12). From 1990 onwards the anomaly trend shows subdued positive trend upto 
recent with an overall decreasing trend at the rate of 0.9638 mm per year with R^  of 0.024. 
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Fig. 5.12:Trend of the yearly rainfall (in mm) anomaly for the period of 1871-2005. 
The average monthly rainfall data is used in calculating the kurtosis and skewness. The 
results are presented (see Fig.5.13a and b). For kurtosis, the moving average for 10 years 
in indicates cyclic observations which occur approximately at an interval of 25 years. Each 
kurtosis cycle is reaching the highest value in about 25 years. And in the skewness graph, 
it is clearly indicated that higher skewness values (finer skewed) are lowering to attain 
smaller skewness values (coarser skewed). It means that heavier precipitations are 
concentrated in a few months and in rest of the year, there are fewer showers. This skewed 
rainfall pattern is responsible for intense droughts and flash floods cycles in the region. 
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Fig. 5.13a and b: Trends of the kurtosis and skewness for the rainfall for the period, 1871-
2005. 
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Monsoonal rainfall is the major source of water in the north-eastern Himalayan region 
including the study area in the Imphal valley. Therefore, the monsoonal contribution trend 
is also analyzed. From the graph shown in fig.5.14, a weaker negative trend with slope of-
0.839 mm per year with R^ of 0.0241 is observed indicating a decreasing monsoonal 
rainfall. 
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Fig. 5.14: Trend of the monsoonal rainfall (in mm) for the the period of 1871-2005. 
The contributions of rainfall by particular monsoonal months were also analyzed 
(Fig.5.15a and b) The results indicate that the contribution by the month May has been 
increasing in recent years at the rate of 0.2166 mm per year with R^  value of 0.0094. 
However, a decrease in rainfall at the rate of 0.5466 per year is found in August with R^ of 
0.0697. 
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Fig. 5.15a and b: Trend of the rainfall (in mm) for the May and August months for the 
period of 1871-2005. 
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5.3 Climatic Trends Analysis of the Imphal valley 
The climatic trends observed in Indian sub continent and North-east India showed 
that the climate in this area undergoing changes in consonance with world climatic 
observations. But, the study based on averaging of the large data set of large area may not 
represent the true picture of climatic change in the study area. Therefore, it is necessary to 
evaluate the climatic trends at local level to find out whether the climatic condition in the 
study area is being influenced by the global change phenomena. Hence, the daily weather 
data are used for the present study to determine the impact of climate change since 1968 at 
local level in the study area. Comparative studies of two time periods, 1969-1980 and 
1981-1998 were taken up to find out the changing patterns. 
Trends of Daily Maximum Temperature in Imphal Valley 
The trend line for the daily maximum temperature for the period, 1969-98 shows a 
very feeble increase with the rate of 7*10'^  °C/day with R^  value of 0.0036 (Fig5.16). The 
trend is positive and greater than the average rate of increase for all the months except for 
March and May, for the period of 1969-1998. The trendlines for March and May show 
negative trending patterns. The possible explanation for the negative trends in daily 
maximum temperature for the months of March, (pre-monsoon), and May (summer) is the 
development of the cloud and the subsequent rainfall. 
The trend in the daily maximum temperature for the period, 1969-1980 suggests 
that during this period, there is no any significant trends (Fig. 5.17). However, March, 
May, September and October show negative trends as compared to the overall rate of 
increased for the period, 1969-1980. But the rate of increase in daily maximum 
temperature for the period 1981-1998 shows positive trends for all the months. 
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The rate of increase in daily maximum temperature for all the months for the period, 1981-
1998 shows positive trends. It indicates that after 1981, the warming phenomenon might 
have started to intensify. 
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Fig. 5.16: Rate of change in daily maximum temperature for the period, (1969-1998) and 
in various months for the same period. 
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Fig. 5.17: Rate of change in daily maximum temperature for the period. (1969 -1980) and 
in various months for the same period. 
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Fig. 5.18: Rate of change in daily maximum temperature for the period, (1981-1998) and 
in various months for the same period. 
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Fig. 5.19: Rate of change in daily maximum temperature in different time periods. 
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Trends of Daily Minimum Temperature in Imphal Valley 
The minimum daily temperature of the atmosphere in Imphal valley indicates an 
increasing trend. The rate of increase is 0.0001°C/day with R^ value of 0.0042 for the 
period of 1969-1998 (Fig.5.20). But in the months of October and November the 
trendlines show negative trends. This may be due to the overcast condition prevailed 
during the retreating monsoon. 
For the period, 1969-1980, for all the months other than February, March and 
April, the the trends are negative and therefore, the minimum temperature is decreasing in 
these months (Fig.5.21). 
But for the period, 1981-1998, thetrend for all the months are positive and the 
values are also greater than the average increase in minimum temperature for the same 
period (Fig.5.22). This is in contrast to the findings for Indian trend, where warming is 
caused mainly due to the increase in maximum temperature (Rupakumar et al., 1994).The 
warming in Imphal valley is mainly due to the increase in minimum temperature and it 
conforms to many other studies in the different parts of both Northern and Southern 
Hemispheric landmasses (Karl et al., 1993: Meams et al., 1995: Hansen et al., 1995).This 
may be due to the increase in cloud cover including the low clouds. 
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Fig. 5.20: Rate of change in daily minimum temperature for the period, (1969-1998) and 
in various months for the same period. 
•5 o 
•O o 
-E ¥ 
a. -2 
= i 
J S. 
o E 
0.003 
A®^.004 
-0.005 
-0.006 
-0.007 
Year (1969 -80) and Month 
Fig. 5.21: Rate of change in daily minimum temperature for the period, (1969 -1980) and 
in various months for the same period. 
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Fig. 5.22: Rate of change in daily minimum temperature for the period, (1981 -1998) and 
in various months for the same period. 
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Fig. 5.23: Rate of change in daily minimum temperature in different time periods. 
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Trends of daily Rainfall in Imphal Valley 
The rainfall trend are observed for the period, 1969-1998, for the Imphal valley (Fig.5.24). 
It shows that there is increase in the rainfall at the rate of 0.0003mm/day with R^ value of 
0.0037. In all the months except January and November, the rate of increase in rainfall is 
higher than the average rate of increase observed for the period 1969-98. It indicates that, 
winter rainfall and retreating monsoon rainfall is decreasing in the Imphal valley. 
For the period of 1969-1980, there is no definite trend (Fig.5.25). However, for the 
period, 1981-1998, except for January and April, all the rest of the months show higher 
rate of rainfall than the average rate of rainfall for the same period (Fig.5.26). 
It suggests that increase in rainfall in all the months is probably due to the effect of global 
climate change phenomenon, which has been established through world climatic 
observations. 
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Fig. 5.24: Rate of change in daily rainfall (in mm) for the period, (1969 -1998) and in 
various months for the same period. 
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Fig. 5.25: Rate of change in daily rainfall (in mm) for the period, (1969-1980) and in 
various months for the same period. 
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Fig. 5.26: Rate of change in daily rainfall (in mm) for the period, (1981 -1998) and in 
various months for the same period. 
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Fig. 5.27: Rate of change in daily rainfall (in mm) in different time periods. 
The frequency analysis of daily rainfall was also carried out for two period, 1969-
80 and 1981-1998 (Table5.1). From the analysis, it is found that lower intensity rainfall 
(<5mm/day) contributed 81.48% of the total rainfall events in the Imphal valley during the 
period 1969-1980. However, for the period 1981-1998, this class of rainfall (<5mm/day) 
decreases to 76.37%. The decrease in the lower intensity rainfall event is mainly affected 
by the warming of the atmosphere as a result of the rise in both maximum and minimum 
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temperatures. The increasing temperature prevents the convective cloud over the valley 
from turning into light rains. 
The study also shows that in recent years, higher intensity rainfalls have increased 
in the Imphal valley (RefTable5.1). These higher intensity rainfall events cause sudden 
and higher runoffs in the study area which in turn result in flash floods. Our study is 
verified by the occurrence of greater frequency of flash floods in the study area. 
Table-5.1: Frequency analysis of the rainfall events in Imphal valley for two distinct 
periods. 
Rainfall 
intensity class 
(in mm) 
0-5 
5-10 
10-15 
15-20 
20-25 
25-30 
30-35 
35-40 
. 40-45 
45-50 
50-55 
55-60 
60-65 
65-70 
70-75 
75-80 
80-85 
85-90 
90-95 
95-100 
100-105 
Period of 
1969-1980 
3525 
313 
164 
120 
55 
44 
32 
24 
13 
10 
4 
3 
4 
3 
4 
1 
3 
0 
1 
1 
2 
Period of 
1981-1998 
3884 
445 
274 
146 
105 
63 
41 
41 
25 
10 
13 
13 
5 
6 
2 
2 
4 
2 
1 
1 
3 
% Pre-1980 
81.48 
7.24 
3.79 
2.77 
1.27 
1.02 
0.74 
0.55 
0.30 
0.23 
0.09 
0.07 
0.09 
0.07 
0.09 
0.02 
0.07 
0.00 
0.02 
0.02 
0.05 
%Post-1980 
76.37 
8.75 
5.39 
2.87 
2.06 
1.24 
0.81 
0.81 
0.49 
0.20 
0.26 
0.26 
0.10 
0.12 
0.04 
0.04 
0.08 
0.04 
0.02 
0.02 
0.06 
%of 
change 
5.12 
-1.51 
-1.60 
-0.10 
-0.79 
-0.22 
-0.07 
-0.25 
-0.19 
0.03 
-0.16 
-0.19 
-0.01 
-0.05 
0.05 
-0.02 
-0.01 
-0.04 
0.00 
0.00 
-0.01 
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Drought analysis was also carried out for the Imphal valley based on the monthly 
rainfall records for the period 1969-2003 (Table5.2) and normal annual rainfall of 
1419.5mm. The result indicates that since 1992, the rainfall of the Imphal valley is more 
uniform than the previous years (Fig.5.28). 
Table-5 2: Percent variation from normal rainfall (in mm) for the 1969-2003. 
Year 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
Rainfall (in m m ) 
1181 
1233.4 
1326.1 
956.5 
1396.4 
1513.2 
1429.2 
1565.7 
1421 
979.6 
914.5 
1666.4 
1048.1 
1698.3 
1851.1 
1081.1 
1392.2 
1506.5 
1484.5 
1353.6 
1627.5 
1651.52 
1977.8 
1008.8 
1496.7 
1215.5 
1557.3 
1336 
1321.2 
1437 
1394.5 
1455.9 
1395.7 
1595.8 
1594.7 
Variation from normal water year 
-238.5 
-186.1 
-93.4 
-463 
-23.1 
93.7 
9.7 
146.2 
1.5 
-439.9 
-505 
246.9 
-371.4 
278.8 
431.6 
-338.4 
-27.3 
87 
65 
-65.9 
208 
232.02 
558.3 
-410.7 
77.2 
-204 
137.8 
-83.5 
-98.3 
17.5 
-25 
36.4 
-23.8 
176.3 
175.2 
% variation from normal water year 
-16.80 
-13.11 
-6.58 
-32.62 
-1.63 
6.60 
0.68 
10.30 
0.11 
-30.99 
-35.58 
17.39 
-26.16 
19.64 
30.41 
-23.84 
-1.92 
6.13 
4.58 
-4.64 
14.65 
16.35 
39.33 
-28.93 
5.44 
-14.37 
9.71 
-5.88 
-6.92 
1.23 
-1.76 
2.56 
-1.68 
12.42 
12.34 
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Fig. 5.28: Trend of variation in total rainfall (in mm) for the period, 1969-2003. 
Trends of Daily sunshine hour 
The temporal variation trend of daily sunshine hour in the Imphal valley for the 
period 1969-1998 is analyzed. It indicates that the sunshine hour is decreasing at the rate 
of 0.0001 hour per day with R^  value of 0.0025. It is also seen that the rate of decrease in 
all the months is lower than the average rate of decrease for the same period, thus showing 
a definite trend (Fig.5.29). 
For the period, 1969-1980, the trend line of the sunshine hour shows increase in 
trend at the rate of 0.000003 hour per day with R^ value of 0.000001 (Fig.5.30). During 
this period, for the months of March, May, July and September, the trends are negative, 
showing decreasing sunshine hour trends. Rest of the months show higher rate of increase 
as compared to that of the average rate for the same period. 
But for the period 1981-1998, the trend line shows a declining trend at the rate of 
0.0001 hour per day with R^  value of 0.0087 (Fig.5.31). However during this period, for 
the months of January, April and September show positive trends and the values are 
greater than the average trend for the period (1981 -1998), whereas in the rest of the 
months, the trend lines are negative showing decreasing sunshine hour per day but at 
varying rates lesser than the average decreasing rate for the same period. 
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Fig. 5.32: Rate of change in daily sunshine hour in different time periods. 
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Trends of Daily Evaporation in Imphal valley 
The temporal variation trend of evaporation in the Imphal valley indicates that, 
evaporation is decreasing at the rate of 7*10"^  mm/day with R^  value of 0.0087mm for the 
period, 1969-1998 (Fig.5.33). 
On monthly basis, for the period, 1969-1998, in all the months other than January, 
the evaporation trends are negative showing decreasing trends but at varying rates lesser 
than the average rate of decrease in evaporation for the same period. Only in the month of 
January, evaporation trend is positive i.e. evaporation is increasing. 
The decrease in the rate of evaporation is probably due to the greater cloudiness 
and lesser sunshine hour observed in the study area for the same period. 
For the period, 1969-1980, in the months of May, July and September, the trend lines 
show negative trends, indicating that during these months the evaporation rates are lesser 
than that of the rest of the months for the same period (Fig.5.34). 
However for the period, 1981-1998, other than the months of January and March, 
for the rest of the months, the trend lines show negative trend indicating that the rate of 
evaporation for these months is lesser at varying degrees than the average rate of decrease 
of evaporation for the same period. For January and March, the trends are positive and 
show increasing rate of evaporation as compared to the overall evaporation pattern for the 
same period 
The general decreasing trend in the rate of evaporation for the period, 1996-1998 
indicates the effect of lesser sunshine hours together with overcast conditions prevailed 
during the monsoon and retreating monsoon during the period. 
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Fig. 5.35: Rate of change in daily evaporation for the period, (1969 -1980) and in different 
months for the same period. 
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Climatic Trends and their major impacts in the study area^<^«^ 
s 
Agriculture (Rice cultivation) is the main occupation of the people inT(|ai^ui:;ia f'^ ' 
general and the study area of Imphal valley in particular. It has an important place in the 
economy of the state. Agriculture sector contributes the major share to the total state 
domestic products. It also provides employment to more than 50 percent (i.e 52.19%) of 
the total workforce of Manipur. Agriculture becomes a living proposition rather than a 
commercial proposition. Thus, from the viewpoint of employment and income, agriculture 
plays a very crucial role in the state's economy. 
The irrigation system in Manipur is not fully developed and therefore the main 
source of water for agricultural purpose is rain water. The prospects of agriculture in the 
state depend largely on the timely occurrence of the monsoonal rains. It is particularly so 
in the case of Kharif season, where production and productivity of crops, especially rice 
are dependent not only in the quantum of rains, but also on the equitable distribution over 
the monsoonal season. 
This is where global wanning due to climate change all over the globe has made its 
share of impact felt in Manipur. The problem is more compounded through the practice of 
shifting cultivation which is also known as jhum cultivation, which is largely practiced in 
the slopes of the hills of Manipur which surround the study area, the Imphal valley. 
Temperature and precipitation are the two most important weather parameters. By 
studying the trends of these parameters of an area, we can have a fair idea about the 
climatic condition of that area. In the study area in the Imphal valley, the mean maximum 
temperature has increased by 0.79°C during the period, 1969-98, at the rate of 7*!0'-^  ° 
C/day. However, the total increase in mean maximum temperature of 0.30 ° C for the 
period, 1969-80 is lesser as compared to 1.24"C, for the period, 1981-98. 
o 
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The increased in the mean minimum temperature of the Imphal valley at 1.06" C 
for the period, 1969-1998 is greater than the increase in the mean maximum temperature. 
For the period, 1969-80, the increase is 0.10 " C, which is much lesser than 3.10 " C 
increase for the period, 1981-98. These show that the increase in temperature at Imphal 
valley is mainly contributed by the increase in mean minimum temperature. 
The rainfall in the Imphal valley shows increasing trend with overall increase of 
4.34mm from normal at the rate of 0.0003mm/day for the period, 1969-98. The increase is 
lesser at 0.80mm for the period, 1969-80 as compared to 4.34mm at the rate 0.007mm/day 
for the period, 1981-98. 
However, it is observed that the nature of rainfall is changing. The occurrence of 
low intensity rainfall spread over longer period is decreasing but the short-term high 
intensity rainfall is increasing. This high intensity rainfall is causing the increased 
frequency of flash floods in the Imphal valley and causing damage to standing crops and 
other properties. The erratic behavior of monsoonal rainfall as a result of the climate 
change due to global warming along with the inadequate irrigation facilities have 
primarily resulted in the severe fluctuations in the agricultural (rice) production and food 
security concerns in the study area. 
Shifting cultivation, known locally as jhum cultivation, is the most primitive form 
of agriculture and the socio-cultural relevance of the this practice to the cultivators, over 
and above the climate, the terrain, the food habits, their self reliance and their desire to 
stay close to the nature is perpetuating the practices till date amongst the tribal people in 
various pockets of the world. In India, jhum cultivation is practiced mainly in NE India 
comprising Assam, Manipur, Meghalaya, Nagaland, Tripura, Arunachal Pradesh, and 
Mizoram and also in Andhra Pradesh, Bihar, Madhya Pradesh and Orissa. 
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In the present day, jhum cultivation is associated more with the maladies namely 
resources and environmental degradation, low productivity, tendency to encourage large 
family size and little or practically no scope for application of improve agricultural 
production technology. In the state of Manipur loo, where around 90% of geographical 
area is occupied by hills, jhum cultivation is widely practiced mostly by tribal people 
living in the hills like it is practiced in different parts of the tropical world (Sachidananda, 
I989).This is because of the cut off most of the tribal from the mainstream economies due 
to the inadequate means of transport and communications. 
For jhum cultivation, cultivators select steep slopes of the hills. Then, they cut and 
burn the forest vegetation and large number of crops. The shifting cultivators hardly have 
any inclination to produce a surplus in settled or wet cultivation as there is no marketing 
facility in the hill areas. Due to complete absence of inigation facilities or due to the 
inadequacy of them, they can neither use fertilizers nor switch over to wet or settled 
cultivation. Per acre return is also very small as only low valued crops are cultivated 
through shifting cultivation (Sachidananda, 1989). Still shifting cultivation is being 
practiced in the north-east because there is no other alternative in most of the villages in 
the hills in the north-east India (Saikia & Kalita, 1979) of which Manipur forms a part, 
because of their geographical settings. 
The study area, the Imphal valley, is surrounded on all sides by the hills of Manipur. 
In the valley, jhum cultivation is not the main agricultural practice but in some of the 
isolated hillocks, jhum cultivation is practiced by the inhabitants. But jhum cultivation in 
present context has become not only unproductive but also hazardous to the environment. 
Jhum cultivation in the hills surrounding the Imphal valley and isolated hillocks within the 
Imphal valley is affecting the ecological/environmental conditions of the Imphal valley. 
This is because jhum cultivation is done after clearing the forest and vegetation cover of 
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the surrounding hills. The deforestation is achieved through slash- and- bum method 
where vegetation cover is first cut down and burn later. Jhuming entails apart from losing 
the vegetation, forest cover and biomass, many other ecological factors too are affected 
thus, leading ultimately to environmental degradation. Other attendant problems of the 
jhum cultivation on the hill slopes, namely erosion of the top soil of the barren hills, down 
stream sedimentation and raising of the beds of the important rivers and streams of the 
Imphal valley which mostly originate from the surrounding hills, sedimentation and 
siltation of the bottoms of the Loktak Lake and other smaller lakes in the valley directly or 
indirectly affect the environmental/ecological conditions of the study area. 
Deforestation through cutting and burning of trees and forests Ibmis an integral 
part of jhum cultivation. This deforestation leads to many extremely hazardous problems 
in the ecosystem and the hydrological cycle as the disturbance of a particular habitat 
through long misuse is expressed remarkably in the degrees of the collapse of the 
hydrological cycle (Ingty, 1981).Due to deforestation, rainwater flows down without any 
barriers as the absence of trees and forest cover in the hills prevents the infiltration of 
rainwater underground. This causes floods during the rainy seasons due to the lack of 
regulation of the rain water through natural processes of storage and conservation 
facilitated by the forests and trees. The occurrence of floods have become more frequent 
and intense in the whole Imphal valley comprising of all the four districts of Imphal East, 
Imphal West, Thoubal and Bishenpur (Dinachandra, 2001). 
Floods which occurred in 2001, 2002 and 2007 were some of biggest. These floods 
affected all the valley districts of Manipur including the study area and caused heavy 
damaged to the standing crops and houses. Drought is not a frequent phenomenon in 
Manipur. But in 1999, a severe drought occurred in the Imphal valley including the study 
area. There was no water even in many important rivers of the Imphal valley such as 
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Thoubal, Iril, Imphal. The Ihoubal and Iril rivers are fed by the waters in the hills of 
Uhlrul district. But due to human intervention like heavy deforestation mainly for jhum 
cultivation and for timber and firewood in the hill districts has affected the rainfall patterns 
and the subsequent supply of water to these rivers (Bahar-ud-din, 2005). Loss of forest 
cover due to jhum cultivation in Manipur is estimated to be 60.3 thousand hectares during 
1995-1997 (Ranjan and Upadhyay, 1999). 
Jhum cultivation, done in the hills of Manipur also increases the chance of flood in 
the study area in the hiiphal valley in the long run, tlnough the downstream sedimentation 
and siltaion of the beds of rivers and streams which originate in the hills. These sediments 
and silts are derived from the erosion of the precious top soils of the barren hills vvhen 
there is heavy rainfall over them during the rainy season. These sediments are deposited 
along the courses of rivers and streams in due course ajid make their beds shallower. 
When sudden splash of rain comes, these rivers cannot hold the volume of water as their 
carrying capacity is greatly reduced and thus, the rain water inundates the flood plains in 
the valley thus causing frequent flash floods in the Imphal valley including the study area. 
Also, the sediments which are further carried away by the rivers reach the Lokkat Lake 
and its surrounding area. These sediments are deposited there. As a result, the area 
surrounding the lake is made swampy and waterlogged, hiside the Loktak Lake, the 
bottom of the lake is made shallower through higher rate of siltation. This affects the 
proper functioning of the Loktak hydroelectric power project and also leads to the 
submergence of about 20,000-80,000 hectares of the surrounding cultivated and cultivable 
lands around the Loktak Lake. 
Thus jhum cultivation directly or indirectly the cause adverse affects on the 
ecosystem of the study area Imphal valley. 
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Summary 
• In India, the main impact of climate change to global warming on the Indian climate is 
mainly on Indian monsoon season. It will affect the Indian economy which is heavily 
dependent on agricultural sector. 
• We can have an idea about the nature of change taking place in the Indian climate by 
studying the trends of the two of the most important climatic elements namely 
temperature and rainfall. 
• The trends of the daily maximum temperature and daily minimum temperature of the 
Imphal valley indicate increasing trend as are the cases with both the Indian (national) 
and north-east Indian (regional) trends even through the rate of increase is smaller as 
compared to both the national and regional trend. 
• The increasing trend of the temperature in the Imphal valley is contributed by the rise 
of minimum temperature unlike those of the national and regional increasing trends 
which are due to the rise in the maximum temperature. 
• The rainfall trend in the Imphal valley shows increasing trends as opposed to the 
national and regional trend. But the common feature in the rainfall in the national, 
regional and the study area is the concentration of high intensity rainfall in short 
period. Whereas there is decrease in the low intensity rainfall spread over long period. 
High intensity rain causes flash floods and affects the agricultural activities which 
result in shortfall in rice production of the state of Manipur in general and that of the 
study area in particular. 
• The overall daily, evaporation and daily Sunshine hour trends for the period 1969-
1998 show decreasing trend. But for the period 1969-80, both the parameters show 
increasing trends whereas for the period 1981- 1998, the trends are decreasing ones. 
• The observed trends for various climatic parameters show the local effect of the global 
warming phenomenon which brought about climatic change all over the globe. 
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Summary and Conclusion 
Integrated remote sensing and GIS techniques with image processing techniques 
(band ratioing, PCA analysis, generation of FCC) and visual interpretation of Landsat 
ETM+ image of Imphal valley and its surrounding area in Manipur, helps in delineating 
the geological units and structures (faults, lineaments), geomorphic units (hills, valley, 
alluvium fan deposits, lakes and other water bodies, swampy areas), differentiating soil 
signatures, drainage textures and modification, slope determination and urbanization 
extent mapping etc. 
The urban sprawling map obtained through Landsat imageries during 1979, 1990 
and 2000 give the areal extent of the Imphal city as 4.29km^ in 1979, 19.02 km^ in 1990 
and 27.04 km in 2000 and the corresponding population of the Imphal city was 431773 in 
1971, 711261 in 1991 and 833312 in 2001. There is an also significant change in areal 
extent of the open water body of the Loktak Lake. The areal extent of the open water body 
of the Loktak Lake obtained through Landsat in 1979 is 51.29 Sq. Km. But the areal extent 
water body increased to 65.57 Km^ in the 1990 and 71.73 Km^ in 2000. 
This increase in the extent of the water body is due to the transformation of Loktak 
Lake into a permanent reservoir since the commissioning of LHPP (Loktak Hydro Electric 
Power Project) in 1983. The impoundment of water in the Loktak Lake resulted in the 
spread of water to over larger areas. It leads to the inundation of large area of cultivable 
and cultivated land, about 20,000-80000 hectares around Loktak Lake, especially on its 
eastern side. 
The land-use pattern change in the valley area suggests that the expansion of 
settlement and related activities in the formerly marshy areas and swamps through 
reclamation without proper planning is creating not only ecological imbalance but also 
unleashed a slew of health related problems in the form of many water and air borne 
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communicable diseases like acute diarrhea, acute respiratory diseases and malarial 
diseases. Prevelence rate is higher in the Thoubal and Bishenpur districts as compared to 
Imphal district in the Imphal valley. This is because majority of the people in these two 
districts are engaged in agricultural activities and fishing from Loktak Lake and many 
other smaller lakes and swamps that are scattered in these two districts. Thus people here 
suffer from the edge effects of living in the vicinity of many scattered marshy and swampy 
areas. These marshy and swampy areas act as hosts for the disease carrying vectors. Also, 
womenfolk are engaged in handloom cottage industries which increase the chance of 
respiratory diseases through cotton and silk dust. 
Jhum cultivation in the hills surrounding the Imphal valley affects the study area. 
Jhum cultivation entails large scale deforestation through slash-and-bum of the forests and 
vegetation covers. This leads to the erosion of the precious top soils of the barren hills due 
to the splash forces generated by the rain drops during rainfall, down stream sedimentation 
of the beds of important rivers and streams of the Imphal valley which originate in the 
hills and siltaion of bottoms of Loktak Lake and other smaller lakes. 
Due to deforestation, rainwater flows down without any barriers as the absence of 
trees and forest cover in the hills prevents the seepage of rainwater underground. This 
causes floods during the rainy seasons due to the lack of regulation of the rain water 
through natural processes of storage and conservation facilitated by the forests and trees. 
The frequency and intensity of floods are increasing and the whole of Imphal valley is 
prone to them. 
Sediments which are further carried away by the rivers reached the Lokkat Lake 
and its surrounding area and deposited in and around the lake, making the area 
surrounding the lake swampy and waterlogged and made conducive conditions for the 
outbreak of vector and water-borne diseases. Cultivated and cultivable lands surrounding 
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the lake are also submerged under the expanding lake water, affecting the food production. 
Sedimentation and siltation of the Loktak Lake bottom also affects the proper functioning 
of the LHPP. Thus, both the ecological balance and hydrological cycle are disturbed. 
The results of the analysis of 25 surface water samples collected from rivers and 
ponds (community and private) from different locations in the study ai'ea show that water 
from rivers have greater average pH, Hardness, HCO3", COs^ ", Mg^ "^ , Na^, and TDS than 
the water samples collected from ponds. On the other hand, samples from ponds have 
greater average concentration of S04^', CI' and K .^ This may be explained by the different, 
lithology, hydrodynamic conditions and anthropogenic activities prevailing in the sources 
of both the groups of sample. 
Samples collected from two different rivers from Kakching (SI5) and Phoudel 
(S25) show comparatively higher concentration of Hardness. Calcium. Sodium, TDS 
along with higher pH due to the local effects like dumping of solid wastes from the market 
domestic wastes. 
The average ion chemistry shows the order of anion abundance as C03^>HC03" 
>Cr>S04^" and that of cation abundance as Ca^''>Na''>Mg^'">K'' . The percentage of 
various anions is 46% COi^; 36% HCO3" , 18% CI' and negligible for S04^" and the 
percentage of various cation is 54% Ca^*, 21% Na'", 15% Mg^^ and 10% K*. The nature of 
the hydrochemistry of the surface water samples collected from the study area suggests 
that the water in the area is dominated with Ca^ "^  and CO3"'. The facies of the water in the 
study area belong to Ca type and no dominant type cation facies and HCO3 type anion 
facies. Monsoonal rainfall effected changes the ionic abundance order from HC03' > COs^' 
>C1"> S04^"and Ca^^> Na^ >K.^> Mg^^ of pre-monsoon (March-April) to C03^"> HCO3" 
> Cr> S04^'and Ca^^> Mg^^ > K^ = Na^ of post -monsoon (October-November). 
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Spatially, all major ions except sulphate show southward increasing trend in their 
concentrations. Sulphate concentration is very low. 
Concentration analysis for trace elements, Fe, Mn, Cr, Ni, Co, Zn and Cu were 
done. 
Seasonal monsoonal rainfall dilutes the concentration of Fe but enriched Cr in both the 
rivers and ponds. 
Most of the trace elements show southward increasing trend in their concentration. 
The analyses for major ions and trace elements of the surface water samples show-
that the average concentration of all the major ions and trace elements except Fe and Cr at 
are well under permissible limits set by BIS (1991) and WHO (1993) for drinking 
purposes. Average concentration of Fe at twelve locations and Cr at one location are above 
their respective permissible limits. Although high concentration of Fe is rather more of 
aesthetic and taste significance than health consideration, higher concentration of Cr has 
the risk of causing mainly skin infection. 
The water in the study area was also assessed for irrigation use. The water falls 
under good water for irrigation and can be used for most of the crops and in most of the 
soils. 
The major ion concentrations are mainly contributed by rock weathering of the 
Disang Formation. Also, agricultural use of fertilizers and other anthropogenic activities 
along with the scattered presence of brine "springs in the study area contributed to the ionic 
concentration. 
Fe and Cr concentration in the study area is mainly contributed by the leaching 
from the Disang shales. Some contributions were also made from the agriculture use of 
pesticides and herbicides. 
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The hydro-geochemical study of the surface water was also conducted for 
assessment of the various geochemical factors responsible for the surface water chemistry. 
The results suggest that the surface water in the study area is dominant of carbonate 
weathering processes along with minor contribution from the silicate weathering. 
Chemical weathering is contributed mainly by H ,^ which is supplied in the enviromnent 
by the CO2 release by biochemical and geochemical reactions. 
The grain size analysis was also carried out for twenty-two (22) bed sediments 
samples collected from the rivers and standing water bodies (S WBs) consist of ponds and 
lakes to find out the bed sediment characteristics and decipher the hydrodynamic 
conditions of the surface water bodies. The result shows that the bed sediments from rivers 
are mostly medium sand but at some places the bed sediments are fine to coarse sand. The 
bed sediments of the SWBs are medium sand. But there is significant difference in the 
kurtosis and skewness of the bed sediments from the rivers and SWBs. However in both 
the groups, the bed sediments do not show any significant difference in sorting. It may be 
due to the low energy conditions of the drainage system in the valley. 
Trend analyses of the study area in the Imphal valley were carried out for the 
important weather elements, temperature, rainfall, evaporation and sunshine hour for the 
period, 1969-1998. The trends of the daily maximum temperature and daily minimum 
temperature of study area indicated increasing trends as are the cases with both the Indian 
(national) and north-east Indian (regional) trends. However, the rate of increase is smaller 
than the increase rates of both the all India and north-east India. The overall increasing 
trend of temperature in the Imphal valley is contributed by increase in the minimum 
temperature unlike that of the all India and north-east India, where rise in temperature is 
contributed by rise in the maximum temperature, because, the rate of increase in the daily 
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minimum temperature in the study area is greater tlian tlie rate of increase in tlie daily 
maximum temperature. 
The rainfall trend of the study area exhibited increasing trend unlike that of 
regional and national trends, which show decreasing trend. One common feature of 
rainfall trends in the national, regional and that of the study area is the decreasing low 
intensity rainfall spread over long period and increasing high intensity rainfall 
concentrated in short period of time. The high intensity rainfall is the cause of fi-equent 
flash floods in the study area. Increasing trend in high intensity rainfall is observed 
consistently since 1981. The pre-1981 data do not reveal any definite trend for this 
parameter. 
The trend lines for daily evaporation and daily sunshine hour show decreasing 
trend. The analysis shows that for the period, 1969-1980, the trend lines for both these 
paiameters exhibit increasing trend but after 1980, for the period, 1981-1998, the trend 
lines for both these parameters show definite increasing trends. These observed trends for 
the various climatic parameters indicated the local effect of global warming phenomenon 
which brought about climatic change all over the globe. 
Manipur in general and Imphal valley in particular, face water quantity and quality 
concerns even though the place receives ample amount of rainfall. Most of this rain water 
is lost as surface runoff. In terms of quantity, the state needs to tap the potential ground 
water and rain water through rain water harvesting method in order to meet the rising 
needs of the ever increasing population. In terms of quality, even though the chemical 
contamination of surface water is found to be not at alarming stage, findings of my study 
included, biological contamination of surface water-the main source of drinking water, due 
to the reckless disposal of human and animal wastes also contributes to the spread of water 
borne diseases which are very common in the study area. Since, more than 60% of the 
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people of the state do not have access to safe drinking water, authority should take up 
necessary measures to address this problem. The government also needs to develop proper 
waste disposal facilities. Recent major projects like, the centralize Imphal Sewerage 
Project and plan to develop the first landfill site in the Imphal district are welcome 
developments in this direction. 
Land-use/land-cover change in the form of encroachment on the marshy and 
swampy areas should be avoided and discouraged so that ecological degradation and its 
attendant consequences facing the population in the study area like, outbreak of 
communicable and other diseases due to the edge effect, development of water logging 
condition in new areas as flood water diversion area get converted for different land-uses 
etc. can be checked. 
Flood, which is the most frequently occurring and damaging, of all the 
geoenvironmental hazards in the study area, is mainly due to the anthropogenic 
intervention. Flood in the Imphal valley is mainly due to the land-use/land-cover change in 
the hills which surround the valley. Most of the main rivers draining the valley originate 
from these surrounding hills and they lie in the catchments areas. Shifting cultivation is 
done extensively in these hills. Since shifting cultivation entails large scale deforestation, 
the hills are cleared of forest. This deforestation made the hills barren and reduces the 
infiltration of rain water into the ground. So during the rainy season, there is large scale 
runoff which causes flood in the valley. Thus, shifting cultivation not only disturbs the 
hydrological cycle but also causes various geoenvironmental problems, like soil erosion, 
landslides etc. Authorities should discourage geoenvironmentally damaging shifting 
cultivation practice by actively encouraging the cultivators to opt for other viable, more 
productive and environmental friendly cultivation practices. This can be achieved through 
creating geoenvironmental awareness and providing incentives to the farmers. 
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Appendix-I 
1. Table Some common diseases in the districts of Manipur (Based on Health data of 
Manipur, 2001). 
District 
Thoubal 
Imphal 
Bishenpur 
Ukhrul-
Chandel 
Churachpur 
Senapati 
Tamenglong 
A D D 
13406 
6686 
3566 
919 
596 
913 
609 
342 
ARI 
14383 
4896 
3434 
868 
638 
1175 
284 
323 
Pneu 
615 
272 
219 
161 
27 
61 
30 
0 
EF 
3114 
598 
76 
64 
112 
44 
48 
98 
TB 
23 
212 
46 
47 
66 
112 
22 
12 
VH 
314 
103 
52 
11 
27 
148 
56 
13 
Population 
366341 
833312 
305907 
140946 
122714 
228707 
279214 
111496 
Population 
Density 
713 
679 
415 
31 
37 
50 
116 
25 
ADD Acute Diarrhea Diseases 
ARI Acute Respiratory Infection 
Pneu Pneumonia 
EF Enteric Fever 
TB Tuberculosis 
VH Viral Hepatitis 
Appendix-II 
Location and type of water body of the water samples 
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Sample No. 
SI 
S2 
S3 
S4 
S5 
S6 
S7 
S8 
S9 
SIO 
Sll 
S12 
S13 
S]4 
S15 
S16 
S17 
S18 
S19 
S20 
S21 
S22 
S23 
S24 
S25 
Sample Location 
Latitude 
24°52' N 
24°52'N 
24°55' N 
24°54' N 
24°49' N 
24°52' N 
24°51'N 
24°50' N 
24°48' N 
24°48' N 
24°48' N 
24°37'N 
24°35' N 
24°30' N 
24°30' N 
24°39' N 
24°38' N 
24''52' N 
24°53'N 
24°46' N 
24°48' N 
24°44' N 
24°45' N 
24°40' N 
24°39' N 
Longitude 
94°03' E 
94°01'E 
94°03' E 
94°02' E 
93°57' E 
93°52' E 
93°52' E 
93°52' E 
93°53'E 
93°55' E 
93°56' E 
94°01'E 
94°03' E 
94°01'E 
93°56' E 
93°59' E 
94°00' E 
93°56' E 
93°59' E 
93°48' E 
93°54' E 
93°5rE 
93°53'E 
94°03' E 
94°01' E 
Name of the location 
Lamlai Mayai Leikai 
Sawumbung Bridge 
Loushangkhong 
Sekta 
Minuthong 
Phumlou Siphai 
Mayang Langing 
Lamsang Bridge 
Luwangleima 
Lambui Khongnangkhong 
Kangla pat 
Athokpam 
Wangjing 
Sora 
Kakching Bazar 
Haokha 
Thoubal Bazar 
Achanbigei 
Khundrakpam 
Moidangpok 
Takyel 
Utlou 
Changangei 
Yairipok Bazar 
Phoudel 
Type of water 
body 
Pond 
River 
Pond 
River 
River 
River 
River 
River 
River 
Pond 
Pond 
River 
River 
Pond 
River 
River 
River 
River 
Pond 
Pond 
Pond 
Pond 
Pond 
River 
River 
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Appendix-III 
Physico-chemical characteristics of surface water in Imphal valley 
Pre-monsoon (March -April, 2006). 
Sample 
No. 
SI 
S2 
S3 
S4 
S5 
S6 
S7 
S8 
S9 
SIO 
Sll 
S12 
S13 
SI4 
S15 
S16 
S17 
S18 
S19 
S20 
S21 
S22 
S23 
S24 
S25 
Avg 
Max 
Min 
Stdv 
pH 
8.1 
8.2 
8.1 
8.2 
8 
7.8 
7.9 
7.8 
7.8 
7.9 
8 
8.2 
8.2 
8.1 
8.3 
8.1 
8.1 
8.2 
7.9 
7.7 
8 
7.9 
8 
8.1 
8.3 
8 
8.3 
7.7 
0.2 
Hardness 
120 
140 
88 
140 
116 
76 
88 
80 
96 
84 
72 
108 
140 
120 
180 
108 
168 
172 
100 
72 
104 
84 
76 
132 
156 
112.8 
180 
72 
33 
HCO3 
26 
26 
26 
182 
143 
13 
13 
52 
26 
91 
156 
117 
117 
143 
208 
143 
39 
156 
65 
91 
78 
104 
91 
78 
182 
94.6 
208 
13 
58.6 
CO3 
52 
52 
52 
52 
52 
78 
78 
52 
104 
78 
52 
78 
78 
52 
104 
52 
104 
78 
52 
26 
78 
26 
52 
78 
78 
65.5 
104 
26 
21.4 
SO4 
0.2 
0.1 
0.2 
0.2 
0 
0.1 
0 
0.1 
0.1 
0 
0 
0 
0.1 
0 
0.2 
0 
0 
0.1 
0 
0 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0 
0.1 
CI 
42.6 
42.6 
45.4 
48.3 
34.1 
59.6 
45.4 
59.6 
34.1 
45.4 
48.3 
54 
48.3 
48.3 
65.3 
59.6 
76.7 
73.8 
62.5 
62.5 
79.5 
62.5 
51.1 
88 
90.9 
57.1 
90.9 
34.1 
15.4 
Ca 
28.3 
51.3 
28.9 
36.9 
41.7 
24 
30.5 
30.5 
35.3 
30.5 
24 
22.4 
30.5 
25.7 
68.9 
32.1 
59.3 
62.5 
38.5 
25.7 
36.9 
32.1 
28.9 
38.5 
51.3 
36.6 
68.9 
22.4 
12.6 
Mg 
1 
2.9 
3.9 
11.7 
2.9 
3.9 
2.9 
1 
1.9 
1.9 
2.9 
12.7 
15.6 
13.6 
1.9 
6.8 
4.9 
3.9 
1 
1.9 
2.9 
1 
1 
5.8 
6.8 
4.7 
15.6 
1 
4.3 
Na 
29 
24.1 
19.3 
17.4 
12.6 
27 
7.7 
8.7 
8.7 
22.2 
23.2 
21.3 
15.5 
17.4 
30.9 
19.3 
29 
32.8 
9.7 
1.9 
14.5 
14.5 
21.3 
29 
30.9 
19.5 
32.8 
1.9 
8.5 
K 
8.6 
3.8 
11.5 
4.8 
3.8 
3.8 
4.8 
3.8 
3.8 
6.7 
10.5 
16.3 
7.7 
3.8 
16.3 
3.8 
5.7 
4.8 
2.9 
3.8 
11.5 
9.6 
4.8 
4.8 
5.7 
6.7 
16.3 
2.9 
3.9 
TDS 
187,7 
203.9 
187.7 
354.6 
290.7 
210.6 
183.5 
208.2 
215 
276.2 
318.2 
322.1 
313.9 
305.8 
496.8 
317.4 
319 
412.4 
232.4 
214 
302.3 
251 
250.8 
322.8 
446.8 
284.3 
538.9 
100.6 
120.1 
All values in ppm except pH 
.<<0' 
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Appendix-IV 
Physico-chemical characteristics of surface water in Imphal valley 
Post-monsoon ( October -November, 2006) 
Sample 
No. 
SI 
S2 
S3 
S4 
S5 
S6 
S7 
S8 
S9 
SIO 
Sll 
S12 
S13 
S14 
S15 
S16 
S17 
S18 
S19 
S20 
S21 
S22 
823 
S24 
S25 
Avg 
Max 
Min 
Stdv 
pH 
8.2 
8.1 
8 
8.1 
8.1 
7.7 
7.6 
7.7 
7.7 
7.8 
7.9 
8.1 
8.1 
8 
8.1 
7.9 
8 
7.9 
7.8 
7.8 
7.8 
7.7 
7.9 
7.9 
8.1 
7.9 
8.2 
7.6 
0.2 
Hardness 
92 
108 
116 
112 
76 
76 
72 
88 
96 
56 
144 
128 
88 
188 
104 
132 
132 
72 
80 
104 
80 
108 
88 
132 
136 
104.3 
188 
56 
29.5 
H C 0 3 
130 
156 
156 
130 
52 
78 
0 
52 
26 
156 
0 
182 
104 
156 
52 
78 
0 
78 
26 
52 
156 
78 
0 
104 
156 
86.3 
182 
0 
59.4 
C03 
104 
104 
104 
104 
156 
104 
208 
156 
260 
52 
208 
104 
156 
260 
156 
208 
260 
156 
208 
52 
156 
260 
156 
156 
208 
162.2 
260 
52 
62.5 
S04 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.1 
0 
0 
0 
0 
0.1 
0 
0.7 
0.1 
0.1 
0.1 
0 
0.1 
0 
0.1 
0.7 
0 
0.1 
CI 
25.6 
28.4 
31.2 
25.6 
31.2 
22.7 
25.6 
22.7 
28.4 
25.6 
45.4 
42.6 
25.6 
51.1 
31.2 
45.4 
36.9 
34.1 
36.9 
31.2 
48.3 
42.6 
48.3 
34.1 
42.6 
34.5 
51.1 
22.7 
8.9 
Ca 
20.8 
17.6 
17.6 
17.6 
22.4 
20.8 
17.6 
25.7 
25.7 
14.4 
25.7 
25.7 
25.7 
24 
40.1 
6.4 
22.4 
25.7 
19.2 
27.3 
24 
27.3 
17.6 
24 
27.3 
22.5 
40.1 
6.4 
6.1 
Mg 
9.8 
15.6 
17.6 
16.6 
4.9 
5.9 
6.8 
5.9 
7.8 
4.9 
19.5 
15.6 
5.9 
31.2 
1 
28.3 
18.5 
2 
7.8 
8.8 
4.9 
9.7 
10.7 
17.6 
16.6 
11.8 
31.2 
1 
7.7 
Na 
1.9 
1.9 
5 
1.9 
1.1 
0.5 
1.1 
0.5 
8.1 
1.1 
8.1 
8.1 
1.1 
11.1 
1.9 
1.9 
1.9 
l.I 
8.1 
0.5 
5 
5 
11.1 
1.9 
8.1 
3.9 
11.1 
0.5 
3.5 
K 
3.9 
1.1 
8.9 
1.1 
1.1 
1.7 
2.2 
2.2 
3.3 
1.1 
11.1 
5 
1.1 
9.4 
1.1 
3.3 
2.2 
1.1 
5.5 
4.4 
6.1 
6.6 
8.9 
3.9 
2.8 
4 
11.1 
1.1 
3 
TDS 
61.9 
64.7 
80.3 
62.8 
60.7 
51.6 
53.3 
57 
73.2 
47 
109.7 
96.9 
59.2 
126.9 
75.3 
85.4 
82 
63.8 
77.6 
72.2 
88.3 
91.2 
96.6 
81.5 
97.3 
76.7 
126.9 
47 
19.5 
All values in ppm except pH 
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Appendix-V 
Trace element concentration in surface water in Imphal valley 
Pre-monsoon ( March -April, 2006). 
S.No. 
SI 
S2 
S3 
S4 
S5 
S6 
S7 
S8 
S9 
SIO 
Sll 
S12 
S13 
S14 
S15 
S16 
S17 
S18 
S19 
S20 
S21 
S22 
S23 
S24 
S25 
Avg 
Max 
Min 
Std 
Fe 
2.065 
1.717 
1.677 
3.648 
1.948 
1.516 
2.085 
2.194 
3.290 
2.944 
0.828 
1.211 
0.644 
1.227 
3.526 
0.387 
0.174 
0.981 
2.016 
1.838 
0.368 
0.198 
0.787 
2.524 
6.935 
1.869 
6.935 
0.174 
1.459 
Mn 
0.032 
0.109 
0.034 
0.135 
0.191 
0.165 
0.096 
0.286 
0.492 
0.035 
0.175 
0.065 
0.183 
0.185 
0.106 
0.155 
0.124 
0.240 
0.496 
0.054 
0.088 
0.103 
0.059 
0.326 
0.241 
0.167 
0.496 
0.032 
0.126 
Cr 
0.004 
0.013 
0.002 
0.013 
0.011 
0.007 
0.003 
0.005 
0.002 
0.004 
0.003 
0.002 
0.002 
0.003 
0.022 
0.006 
0.007 
0.002 
0.001 
0.002 
0.001 
0.002 
0.003 
0.010 
0.010 
0.006 
0.022 
0.001 
0.005 
Ni 
0.049 
0.056 
0.042 
0.047 
0.046 
0.060 
0.043 
0.078 
0.079 
0.056 
0.040 
0.052 
0.056 
0.091 
0.057 
0.031 
0.036 
0.060 
0.057 
0.038 
0.040 
0.030 
0.087 
0.067 
0.042 
0.054 
0.091 
0.030 
0.016 
Co 
0.013 
0.031 
0.012 
0.032 
0.027 
0.011 
0.021 
0.022 
0.019 
0.013 
0.018 
0.015 
0.017 
0.018 
0.028 
0.029 
0.029 
0.030 
0.016 
0.018 
0.015 
0.016 
0.017 
0.030 
0.028 
0.021 
0.032 
0.011 
0.007 
Zn 
0.064 
0.091 
0.062 
0.095 
0.055 
0.044 
0.108 
0.065 
0.149 
0.031 
0.059 
0.023 
0.054 
0.160 
0.098 
0.051 
0.039 
0.047 
0.116 
0.109 
0.071 
0.164 
0.049 
0.056 
0.173 
0.081 
0.173 
0.023 
0.043 
Cu 
0.024 
0.021 
0.023 
0.019 
0.022 
0.032 
0.036 
0.041 
0.039 
0.036 
0.042 
0.041 
0.044 
0.064 
0.051 
0.035 
0.052 
0.050 
0.059 
0.047 
0.065 
0.063 
0.054 
0.065 
0.073 
0.044 
0.073 
0.019 
0.016 
All values in ppm 
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Appendix-VI 
Trace element concentration in surface water in Imphal valley 
Post-monsoon (October-November, 2006). 
S.No. 
SI 
S2 
S3 
S4 
S5 
S6 
S7 
S8 
S9 
SIO 
Sll 
S12 
S13 
S14 
S15 
S16 
S17 
S18 
S19 
S20 
S21 
S22 
S23 
S24 
S25 
Avg 
Max 
Min 
Stdv 
Fe 
0.160 
0.161 
0.227 
0.276 
0.170 
0.296 
0.266 
0.460 
0.194 
0.457 
0.145 
0.085 
0.487 
0.192 
0.223 
0.174 
0.215 
0.754 
0.087 
0.688 
0.163 
0.371 
0.134 
0.266 
0.131 
0.271 
0.754 
0.085 
0.175 
Mn 
0.076 
0.002 
0.027 
0.039 
0.039 
0.047 
0.032 
0.013 
0.018 
0.044 
0.097 
0.042 
0.081 
0.066 
0.017 
0.037 
0.015 
0.065 
0.017 
0.042 
0.022 
0.014 
0.006 
0.042 
0.013 
0.037 
0.097 
0.002 
0.025 
Cr 
0.003 
0.001 
0.004 
0.002 
0.003 
0.004 
0.003 
0.003 
0.005 
0.005 
0.005 
0.003 
0.005 
0.005 
0.003 
0.005 
0.006 
0.005 
0.005 
0.005 
0.003 
0.592 
0.003 
0.005 
0.004 
0.027 
0.592 
0.001 
0.118 
Ni 
0.005 
0.012 
0.012 
0.004 
0.019 
0.018 
0.006 
0.008 
0.029 
0.008 
0.021 
0.009 
0.006 
0.008 
0.005 
0.002 
0.021 
0.012 
0.001 
0.035 
0.018 
0.003 
0.006 
0.027 
0.017 
0.012 
0.035 
O.OOI 
0.009 
Co 
0.037 
0.030 
0.029 
0.026 
0.052 
0.066 
0.052 
0.066 
0.056 
0.036 
0.042 
0.038 
0.042 
0.024 
0.023 
0.031 
0.045 
0.011 
0.019 
0.016 
0.007 
0.036 
0.012 
0.005 
0.004 
0.032 
0.066 
0.004 
0.018 
Zn 
0.206 
0.031 
0.232 
0.029 
0.071 
0.026 
0.072 
0.059 
0.043 
0.023 
0.259 
0.030 
0.024 
0.034 
0.033 
0.038 
0.019 
0.075 
0.016 
0.020 
0.034 
0.109 
0.000 
0.002 
0.007 
0.060 
0.259 
0.000 
0.070 
Cu 
0.004 
0.002 
0.003 
0.002 
0.003 
0.003 
0.003 
0.005 
0.003 
0.002 
0.006 
0.002 
0.003 
0.002 
0.001 
0.008 
0.001 
0.003 
0.002 
0.005 
0.004 
0.005 
0.003 
0.008 
0.004 
0.003 
0.008 
0.001 
0.002 
All values in ppm 
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Class of 
water 
Appendix-VII (A) 
Suitability of water with different constituents for irrigation 
(Goel 1997) 
TDS S04- CI- %Na E.C (fiSJcm) Suitability for 
(ppm) (ppm) (ppm) irrigation 
111 
0-700 
700-
2000 
0-192 0-142 
>2000 >480 >355 
0-60 
192-480 142-355 60-75 
>75 
0-750 
750 -2250 
>22 -50 
Excellent to 
good 
forirrigation 
Good to 
injurious, 
suitableonly 
with permeable 
and moderate 
leaching, 
harmful to 
sensitive crops 
unfit for 
irrigation 
Appendix - VII (B) 
Suitability of water for irrigation with different values of SAR 
SAR Suitability for irrigation 
0-10 Suitable for all types of crops and all types of soil except crops which are 
highly sensitive to sodium 
10-18 Suitable for coarse textured or organic soil with good permeability. Relatively 
unsuitable in fine textured soil 
18 -26 Harmful on almost all types of soil. Require good drainage, high leaching on 
gypsum addition 
>26 Unsuitable for irrigation 
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Appendix-VIII 
Permissible limit for trace elements for irrigation water 
Trace element 
Copper 
Iron 
Manganese 
Zinc 
Cadmium 
Lead 
Chromium 
Lithium 
Water 
(FWPCF 
Continuous 
0.2 
2 
5 
0.005 
5 
5 
^ 
use 
1965) 
Short term in 
fine textural 
soil 
5 
5 
10 
0.05 
10 
0.05 
5 
Water use 
(Ayer and Branson, 1975) 
Continuous 
0.2 
5 
0.2 
2 
0.01 
5 
0.1 
2.5 
Short term in 
fine textural 
soil 
5 
15 
10 
10 
0.05 
10 
1 
2.5 
Appendix-IX 
Location of Surface water body bed sediment samples 
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Sample No. 
SI 
S2 
S3 
S4 
S5 
S6 
S7 
S8 
S9 
SIO 
Sll 
S12 
S13 
S14 
S15 
S16 
S17 
S18 
S19 
S20 
S21 
S22 
Location 
Latitude 
24''52' N 
24^48' N 
24''43' N 
24''42' N 
24''39' N 
24''38'N 
24''33' N 
24''33' N 
24''45' N 
24^42' N 
24''33'N 
24''38' N 
24''52' N 
24' '3rN 
24''31'N 
24^^30' N 
24^53' N 
24''46' N 
24''48' N 
24''43' N 
24^44' N 
24^34' N 
Longitude 
93''56' E 
93''57' E 
gs^'se' E 
93''56' E 
93''55' E 
93''54' E 
93''54' E 
93''53' E 
93^59' E 
93''56' E 
93''56' E 
93''55' E 
93''52' E 
93U49.E 
93''44' E 
94''01'E 
93''59' E 
93''48' E 
93''54' E 
93''51'E 
94''03' E 
93''47'E 
Name of the 
location 
Achanbigei 
Hatta 
Lilong 
Lilong 
Irong 
Irong 
Sekmaijing 
Sekmaijing 
Irilbung 
Lilong 
Kakching 
Thoubal 
Phumlousiphai 
Takmu 
Loktak 
Sora 
Khundrakpam 
Moidangpok 
Takyel 
Utlou 
Andro 
Project gate { 
Type of 
water 
body 
River 
River 
River 
River 
River 
River 
River 
River 
River 
River 
River 
River 
River 
Lake 
Lake 
Pond 
Pond 
Pond 
Pond 
Pond 
Pond 
Lake 
